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CON IL PATROCINIO DI 



 

 

Cari amici e colleghi, 

  

vi diamo un caloroso benvenuto al XIII Convegno INSTM sulla Scienza e 

Tecnologia dei Materiali.  

 

Il Convegno affronterà diverse tematiche relative agli aspetti fondamentali, 

innovativi e applicativi della scienza e tecnologia dei materiali. Il filo conduttore 

saranno i materiali avanzati e i processi green per una società sostenibile, 

declinato nelle seguenti cinque sessioni tematiche: 

 

• Materials and technologies for H2 economy 

• Green chemistry and processes 

• Materials and technologies for electrochemical energy storage 

• Materials and technologies for innovative and sustainable manufacturing 

• Materials Modelling: data sources and computational methods  

 

Inizialmente previsto per giugno 2021, il Convegno era stato rimandato a data 

da destinarsi per le ragioni legate alla pandemia da coronavirus. L’allentarsi 

delle restrizioni ha permesso di garantire una organizzazione in presenza, che 

riteniamo essere la formula migliore per conservare la natura interattiva 

dell’evento. Lo scopo del Convegno è, infatti, offrire uno spazio propedeutico al 

dialogo e creare nuove opportunità di interazione e collaborazione per la vasta 

ed eterogenea comunità scientifica INSTM. Storicamente, il Convegno è sempre 

stato un momento di integrazione e di confronto interdisciplinare tra i 

partecipanti di discipline e campi di ricerca diversi. Secondo tradizione, una 

particolare attenzione è stata riservata ai giovani ricercatori per facilitarne la 

partecipazione, contribuendo ad aumentarne la visibilità del loro lavoro e 

favorendo la possibilità di presentare contributi orali e di discutere progetti di 

ricerca comuni. 

 

Il programma scientifico prevede una Invited Lecture, tenuta dal prof. Luigi 

Nicolais, Consigliere per le Politiche della Ricerca della Ministra Maria Cristina 

Messa, 5 Key Notes, 68 comunicazioni orali e 33 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.  

 

Un ringraziamento speciale va rivolto al nostro Main Sponsor, Eni SpA, che è al 

fianco di INSTM da anni attraverso la stipula di numerosi Accordi di Quadro. A tal 

proposito, ricordiamo che a novembre 2021 è stato rinnovato l’attuale intesa e 

avrà validità quinquennale, con scadenza al 31 ottobre 2026.  



 

 

L’Accordo facilita e rinforza le opportunità di collaborazione tra Eni e la ricerca 

universitaria, andando a definire le condizioni che consentono ad Eni o Società 

Affiliate di Eni di attingere, con procedure snelle e rapide, alle competenze ed ai 

servizi per attività di ricerca, sviluppo e supporto tecnico-scientifico che il 

network INSTM fornisce a livello nazionale.  L’accordo riguarda attività di 

ricerca, sviluppo e supporto tecnico-scientifico inerenti a: materiali e tecnologie 

per l'energia e lo storage energetico, per l'ambiente e per il risanamento 

ambientale ed il trattamento di acque, rifiuti e matrici ambientali anche in ottica 

di economica circolare, per la produzione di composti chimici, additivi, 

carburanti, biocarburanti, polimeri, bio-materiali e bio-prodotti;  analisi, 

produzione di materiali ed elementi critici per la Transizione Energetica ed 

Ecologica; analisi, caratterizzazione e studi specialistici (es. meccanici, dinamici, 

modelli fisico-matematici e di intelligenza artificiale - AI e ML) di materiali 

naturali, rocciosi o di pozzo; analisi e caratterizzazione chimica, fisica e 

morfologica di materiali sia tradizionali che nanostrutturati o complessi; studi di 

reattività o interazione con gas di materiali naturali e/o rocciosi; corrosione, 

erosione e usura; metallurgia; testing materiali (es. prove meccaniche, failure 

analysis, test per idrogeno); biotecnologie, biocatalisi, processi di trattamento e 

trasformazione biomasse. 

   

Ci auguriamo davvero che questa conferenza vi piaccia almeno quanto noi ci 

siamo divertiti a organizzarla. 

  

 

I Chairmen       Sestriere, 23 gennaio 2022 

      
Prof. Federica Bondioli – Presidente INSTM 

Prof. Andrea Caneschi – Direttore INSTM 
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INFLUENCE OF OPERATING CONDITIONS ON THE PERFORMANCE OF AN ANION 

EXCHANGE MEMBRANE ELECTROLYSER  

 
Baglio V1, Lo Vecchio C1, Zignani S1, Trocino S1, Monforte G1, Patti A1, Gatto I1  

 
1Institute for Advanced Energy Technologies “Nicola Giordano” (ITAE), CNR, Messina, Italy  

 

Introduction  

 

Hydrogen is a promising vector for the storage and transportation of the energy 

generated from renewable sources due to its high energy density (120 MJ/kg), which 

exceeds that of coal (24 MJ/kg) and petrol (44 MJ/kg). Hydrogen can be produced by 

various processes such as reforming of natural gas, coal or biomass gasification and 

electrolytically. The production of hydrogen 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 such as wave, wind and solar. Among 

the different technologies of electrolysers (liquid alkaline, proton exchange membrane, 

etc.), there has been a recent surge in interest in that one based on anion-exchange 

membranes (AEMs). With respect to the state-of-the-art electrolysers that employ 

conventional acid polymer electrolyte separators (e.g., perfluorinated systems such as 

Nafion®), electrocatalysis with AEMs is much more promising.  

 

Material and methods  

 

In this work, a FAA3-50 anion-exchange membrane (from FuMa-Tech) has been used, 

after exchange in KOH solution (1 M), as electrolyte/separator in a single cell of 5 cm2 

geometrical area. In the first approach, commercial IrO2 and 40% Pt/C catalysts have 

been used at the anode and cathode, respectively, to evaluate the membrane under the 

most convenient conditions. The influence of cell temperature, membrane-electrode 

assembly (MEA) procedure (catalyst-coated membrane or catalyst coated electrode), 

ionomer content in the electrodes, use of pure water or KOH solution, on electrolyser 

performance have been analysed.  

 

Results and discussion 

 

The catalyst-coated membrane (CCM) approach has shown the highest performance, 

particularly at high temperatures (80-90°C), due to a better interface between the 

electrode and the membrane. Using a diluted solution of KOH instead of pure water 

appears helpful to increase the conductivity of the membrane and, consequently, the 

performance of the MEA equipped with the FAA3-50 membrane. These results form 

the baseline with which the subsequent results obtained with materials prepared in 

the framework of the FISR-AMPERE project will be compared.  
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LA (BIO)ECONOMIA CIRCOLARE: NUOVA OPPORTUNITÀ PER IL CONSORZIO  

La Mantia FP1,2,3 

 
1Department of Engineering, University of Palermo, Palermo, Italy  

2National Interuniversity Consortium of Materials Science and Technology (INSTM), 

Florence, Italy 
3SPRING, National Cluster of Circular Bioeconomy, Milan, Italy 

 

La Bioeconomia è il meta settore che utilizza le risorse biologiche, inclusi gli scarti, per 

la produzione di beni ed energia. Rappresenta (2020) circa il 10% dell’economia italiana. 

Più precisamente, secondo la Commissione Europea (2018) “la produzione di risorse 

biologiche rinnovabili e la trasformazione di tali risorse e dei flussi di rifiuti in prodotti a 

valore aggiunto quali alimenti, mangimi, bioprodotti e bioenergia. Sostenibilità e 

circolarità devono essere al centro della bioeconomiase si vuole che questa abbia 

successo. Tali obiettivi promuoveranno il rinnovamento delle nostre industrie, 

l’ammodernamento dei nostri sistemi di produzione primaria, la protezione 

dell’ambiente e contribuiranno a potenziare la biodiversità”. Della bioeconomia fanno 

quindi parte la produzione primaria – l’agricoltura, la silvicoltura, la pesca e 

l’acquacoltura – e i settori industriali che utilizzano e/o trasformano le risorse 

biologiche, come l’industria alimentare, quella della pasta di carta e della carta e parte 

dell’industria chimica, bio-tecnologica e dell’energia. Insomma, l’intera filiera dalla 

produzione delle materie prime, alla manifattura, per tornare alle materie prime. La 

costituzione dei Cluster Tecnologici Nazionali (CTN) è stata promossa dal Ministero 

dell’Istruzione, dell’Università e della Ricerca (MIUR), con l’obiettivo di identificare delle 

realtà – aggregazioni organizzate di imprese, università, istituzioni pubbliche o private 

di ricerca e soggetti attivi nel campo dell’innovazione, presenti in diversi ambiti 

territoriali, con valenza interdisciplinare e internazionale – che potessero agire da 

propulsori della crescita economica sostenibile dei territori e dell’intero sistema 

economico nazionale, in linea con le agende strategiche comunitarie e con gli obiettivi 

di Horizon 2020. Il Cluster SPRING, del quale INSTM fa parte, ha come obiettivi primari 

la promozione e l’innovazione di prodotto e di processo relativo alle bioraffinerie, alla 

produzione e all’utilizzo di prodotti biobased, biomateriali e combustibili nuovi o 

innovativi da biomasse forestali o agricole dedicate e da sottoprodotti e scarti della 

loro produzione, nonché da sottoprodotti e scarti della produzione e lavorazione della 

filiera animale. Il Cluster SPRING ha individuato una serie di tematiche di ricerca 

dall’incrocio fra le richieste dei soci industriali e le competenze dei soci accademici per 

predisporre cordate che possano partecipare ai prossimi bandi sulla bioeconomia 

circolari previsti sia in Italia che in Europa. 
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Li-RICH LAYERED OXIDES (LRLO) FOR LITHIUM CELLS: PUSHING POSITIVE 

ELECTRODES TO THEIR LIMITS 

 
Brutti S1,2, Tuccillo MR1, Celeste A1,3, Silvestri L3 

 
1Department of Chemistry, University of Rome La Sapienza, Roma, IT 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 

Italy 
3ENEA, Centro Ricerche Casaccia, Anguillara, IT 

 

Introduction 

 

In the last decades, remarkable industrial and academic research efforts have been 

focusing on lithium-ion batteries (LIBs) for portable electronics and electric vehicles 

(EV). Generally speaking, LIBs are more expensive than other battery chemistries, but 

they provide the highest power and energy densities as well as longer cycle. This 

technology requires further development in terms of safety and performance to 

establish itself also in the automotive market. Thus, new materials and chemistries at 

the positive/negative electrode sides as well as at the electrolyte side are necessary to 

overcome the state-of-the-art and the commercial benchmarks. Over-stoichiometric 

Li-rich layered oxides (LRLO) materials are a family of promising positive electrode 

materials with large specific capacity and high working potential. The eco-friendly Co-

free LRLOs have attracted a lot of attentions, thanks to the improved sustainability, 

reduced costs and outstanding performance (250 mAh g-1). The crystal structure and 

cation ordering of LRLO are a matter of controversy. In the literature the structure of 

these materials is identified as solid solution, with an R3 ̅m crystal structure with 

partial supercell ordering of lithium ions, or as a nano-mosaic constituted of coexisting 

solid-solution phases with R3 ̅m and C2/m structures. Overall, extensive defectivities 

play a key role in the breakdown of the cation ordering in the C2/m lattice that 

degrades in the R3 ̅m one. This structural ambiguity/instability is at the origin of the 

capacity and voltage fading in batteries originating from undesired lattice 

transformations. 

 

Material and methods  

 

We used X-ray diffraction (XRD), ex situ and operando to shed light in the structure and 

transformations of LRLO in batteries. Besides XRD we exploited other standard 

techniques like Raman spectroscopy, scanning electron microscopy and 

electrochemical methods for a full characterization of a variety of materials and 

stoichiometry 

 

Results and discussion 

 

Here we demonstrate the resilience of the LRLO lattice despite large variations in the 

transition metals blend and overlithiation extension, and how the electrochemical 

performance in batteries is improved by a careful tuning of doping in parallel with the 

removal of cobalt. 
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FLASH AND COLD SINTERING: INNOVATIVE SUSTAINABLE TECHNOLOGIES FOR 

CERAMICS MANUFACTURING 

Sglavo VM1,2 

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

Florence, Italy 

 

Ceramic materials have been manufactured since about 25.000 years and the 

technology has not changed too much since then:  a certain amount of powder is 

typically mixed with water and other additives to be shaped and then heated at high 

temperature to obtain the final product.  During the centuries, different raw materials 

and heating procedures have been investigated to produce stronger materials with 

specific functional properties.  More recently, because of the concerns related to 

energy consumption and pollution deriving from firing processes, new strategies have 

been advanced to reduce the consolidation time and temperature.  On one side, much 

finer starting powders and/or specific sintering additives able to induce liquid 

formation or to modify the defects chemistry have been identified.  Alternatively, 

sintering has been stimulated by the application of external pressure, magnetic field or 

electric field/current.  In particular, two innovative processes have been advanced just 

in the last decade, namely flash and cold sintering, which appear as revolutionary 

methods to consolidate ceramics in a few seconds at temperatures much lower than 

the conventional ones and by using relatively simple equipment.  They also attracted a 

strong interest from the scientific community, since they represent promising 

sintering routes to reduce economic, energetic, and environmental costs in ceramics 

manufacturing. In flash sintering the green ceramic component is subjected to an 

external electric field while being moderately heated.  At an on-set combination of 

applied field and external temperature -this depending on the green body 

conductivity- the material flashes, i.e., a bright glowing, a rapid drop in the ceramic 

resistivity, an accelerated diffusion kinetics and almost instantaneous densification 

occur.  In cold sintering, the ceramic powder is mixed with a solvent and then uniaxially 

pressed under hundreds of megapascals while being heated at temperature not 

exceeding 350°C. In this presentation, the fundamental results obtained in the past ten 

years from the analysis of the phenomena and mechanisms behind flash and cold 

sintering, their applicability to different classes of materials, the fundamental issues 

related to their possible advancement into industrial practices are presented. 
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HETEROGENEOUS FUNCTIONAL MATERIALS FOR POST-Li ENERGY STORAGE 

DEVICES: NEW PERSPECTIVES FROM QUANTUM CHEMISTRY 

 
Pavone M1,2 

 
1Department of Chemical Sciences, University of Naples Federico II, Napoli, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM),Florence, 

Italy 

 

Introduction 

 

Energy storage technologies for current and foreseeable applications must rely on 

widespread and sustainable resources, with a particular attention on performances 

and safety issues. The grand challenge is to control at the atomic level all the physico-

chemical and electrochemical features at play. The objective is an effective 

implementation of a new paradigm of materials development based on solid scientific 

knowledge. 

 

Material and methods  

 

To this end, first-principles modelling can provide an in-depth understanding of 

battery working mechanisms by offering an unbiased atomistic perspective on 

structure, stability, and electron/ion transport. In this context, we present here our 

latest results on electrode systems, with a special focus on the outlined design 

strategies that can encourage the effective development of high-performing devices, 

including Na-ion and Li-air batteries.  

 

Results and discussion 

 

On the anode side, we address the capability of TiO2 nanoelectrodes toward the 

reversible Na+ uptake and storage and dissect the origin of Na+ insertion activity at 

anatase nanocrystal facets. Structural interfacial features are also shown to be key in 

determining migration efficiency in MoS2/Graphene heterostructure. DFT-based 

investigations on high-energy cathodes allows to unveil key features in their 

electrochemical behavior, such as the role of antisite defects in the capacity loss of 

LiTMPO4 (TM = Co, Fe, Mn) and the anionic redox activity in P2-type NaxNi0.25Mn0.68O2 

layered oxide. We also show the need of more accurate theoretical tools (within post-

HF methods) for the detailed description of chemical processes involving highly 

correlated systems, such as the reversible formation of Li2O2 and the singlet O2 release 

occurring along the Li-air battery functioning. All these results provide a new 

perspective on how materials design can be driven by theoretical tools, overcoming old 

trial-and-error approaches, and it is now essential to speed up the large-scale 

exploitation of advanced technology beyond lithium.  
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CHALLENGES FOR HYDROGEN HANDLING 

 
Barale J1, Costamagna M1, Fiore G1,2, Dematteis E1,2, Scaglione F1,2, Palumbo M1,2, Castellero A1,2, 

Rizzi P1,2, Baricco M1,2 

 
1Department of Chemistry, University of Turin, Turin, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM) - GISEL, 

Florence, Italy 

 

Introduction 

 

European and Italian investments plan to support hydrogen as an energy carrier in the 

energy transition. Applications are planned in the storage of renewables, clean mobility 

and decarbonized industrial productions, but handling is still a bottleneck for the full 

implementation of hydrogen technologies. After production by a variety of techniques 

(e.g., from electrolysis or biomasses) and before the use in different applications, 

hydrogen may need to be purified, transported, compressed and stored. The impact of 

different steps strongly depends on application, but they are often interconnected. 

 

Material and methods  

 

Hydrogen technologies need suitable hydrogen handling based on low-cost, safe, 

highly efficient and sustainable systems, operating close to ambient temperature and 

pressure. 

 

Results and discussion 

 

An overview on the state of the art of current technologies for hydrogen storage and 

handling will be provided. The characteristics of tanks for storing hydrogen in the gas 

phase will be outlined, focusing on material challenges for both mobile and stationary 

applications. The handling of hydrogen in the liquid phase at low temperatures will be 

shortly described, pointing out advantages and drawbacks. Both absorption and 

adsorption in solid state will be described, considering various classes of materials (e.g. 

metal and complex hydrides, porous media). Hydrogen compression by suitable thermal 

cycles with metal hydrides, currently proposed as an efficient approach, will be 

described. More recently, hydrogen transportation by liquid organic hydrogen carriers 

has been suggested and their main characteristics will be presented. Some case studies 

using metal hydrides as hydrogen carrier will be presented. A small scale H2 refueling 

station developed to provide hydrogen for a FC-driven drone will be presented. 

Hydrogen is produced at 30 bar by an electrolyzer, driven by photovoltaic panels, and 

then it is compressed up to 250 bar by a two-stage metal hydride compressor and a 

booster. The HyCARE project, funded by FCH JU - H2020, focus on the development of 

an efficient metal hydride-based system for the storage of renewables energies, with a 

planned quantity of 50 kg of stored hydrogen. The storage module will be integrated 

with an electrolyzer and fuel cells. The Life Cycle Assessment (LCA) methodology to 

evaluate the environmental impacts associated with developed systems will be shortly 

presented. The goal is to identify the main environmental hotspots, in order to quantify 

the actual benefits and drawbacks of hydrogen handling systems. Finally, main open 

challenges will be outlined, suggesting possible approaches for their overcoming. 
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EFFECT OF REVERSIBLE AND IRREVERSIBLE TRAPS ON HYDROGEN DIFFUSION IN 

PIPELINE STEELS 

 
Cabrini M1,2, Lorenzi S1,2, Coffetti D1,2, Coppola L1,2, Pastore T1,2 

 
1Department of Engineering and Applied Science, University of Bergamo, Dalmine (BG), Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), 

Florence, Italy 

 

Introduction 

 

Hydrogen can adsorb and subsequently diffuse within metallic materials through the 

dissociation of the H2 molecule or by electrolytic reduction of the H+ ion. Once inside the 

metal, diffusion and related embrittlement phenomena are not dependent on external 

hydrogen source but depend on its surface concentration, material nature, 

microstructure, and tensile stress level. Grain boundaries, second phases, inclusions, 

and dislocations can act as reversible or irreversible traps for hydrogen thus 

influencing the phenomena. The purpose of this work is to evaluate modifications in 

permeation curve induced by hydrogen trapping sites with different activation energy 

in pipeline steels. 

 

Material and methods  

 

Hydrogen permeation tests were carried out according to ISO 17081 standard on API 

5L X65 steel grade with sorbitic and ferritic-pearlitic microstructures. The 1 mm thick 

specimens were charged in buffered borate solution at pH 8.4 at 0.5 mA/cm2 current 

density and 23°C. The hydrogen permeation flux was measured in the anodic side of 

testing cell at +0.34V vs SCE in 0.1M NaOH solution. 

 

Results and discussion 

 

All the steels have similar permeation curves, showing two subsequent plateaus. A first 

one is reached after few hours. Then, a further increase of the permeation current 

occurs after 48 hours, up to reach a final steady state. The hydrogen diffusion 

apparent coefficient interpolating first current transient (DH1) is similar for all the 

steels, ranging between 2-8 ×10-11 m2/s2. The values from the second transient are 

more than one order of magnitude lower than DH1 and they are spread out over a large 

range, between 3×10-13 and 4×10-12 m2/s. The hydrogen diffusion comprises lattice 

diffusion though interstitial sites and traps of different activation energies. The 

diffusible hydrogen concentration at steel surface is almost constant and the 

permeation current modifications may be considered to be merely dependent upon the 

different activation energies of the different type of traps inside the metal and their 

concentration. Consequently, the hydrogen permeation transients are affected by the 

hydrogen filling and release rates inside traps, with a balancing that depends on the 

amount of irreversible and reversible traps and the activation energies related to the 

specific trapping mechanisms, thus producing the two transients. 
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PALLADIUM BASED MEMBRANES FOR HYDROGEN SEPARATION AT HIGH 

TEMPERATURE 

 
Comite A1,2, Costa C1,2, Pagliero M1, Rizzardi I1 

 
1Department of chemistry and Industrial Chemistry, University of Genoa, Genoa, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), 

Florence, Italy 

 

Introduction 

 

H2 as an energy vector is considered as a key pillar of energy scenarios for a sustainable 

development. To date, more than 90% of H2 is produced from fossil fuels by steam 

reforming of natural gas, partial oxidations and coal gasification and a transition to 

more effective and sustainable production method is becoming more and more 

pressing. Thermal and catalytic processes applied to biomasses are considered of real 

interest and in several proposed options syngas or hydrogen in a mixture are 

generated. The separation of H2 at high temperatures for an integration in 

energetically efficient systems is still a challenge. In this work the efforts of our 

research group in the development of palladium-based membranes for hydrogen 

separation in the range 400°C-600°C will be presented. Using a porous stainless-steel 

(PSS) support requires the adoption of a ceramic barrier layer to extend the 

temperature range of application since it will avoid the occurrence of intermetallic 

diffusion to poison the thin selective Pd dense layer. 

 

Material and methods  

 

Alumina or zirconia barrier layer were deposited on PSS supports via the dip-coating 

technique of both nanoparticulate sols and sub-micron powder dispersions. The sols 

were formulated by adding organic additives to both control viscosity and improve the 

drying-stress resistance of the gel layer. The dense Pd layer was grown by a less 

aggressive electroless plating bath. The quality of the support was evaluated through 

gas-liquid porometry. Membranes were carefully characterized through gas (H2, He and 

N2) permeation. Morphology of the membranes was examined by electron microscopy. 

High temperature tests between 400°C and 550°C were performed up to 4 bar. 

 

Results and discussion 

 

Both ZrO2 and Al2O3 barrier layers were effective to improve the poor features of the 

commercial porous metal supports (e.g., in terms of pore size and roughness) allowing 

to achieve a lower thickness of the dense Pd layer (e.g., less than 30 μm). The study of 

the formulation parameters of the sol played a key role in obtaining the proper 

deposition od defect-free and stable ceramic barrier layers. All the tests showed that 

the composite Pd/ceramic/PSS membranes exhibited a high hydrogen selectivity (up to 

700 H2/N2) and good stability at 500°C for about 1000 hours. The developed 

membranes show an H2 selectivity which can be suitable for their integration in 

membrane reactors. Powder dispersions proved to be also an effective repair option to 

correct eventual defects on the dense palladium layer. 
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Introduction 

 

One of the main objectives of modern society is to reduce the use of fossil fuels with a 

progressive replacement with renewable energies. In this scenario, hydrogen can play 

an important role because it is a sustainable energy carrier and a green fuel. Hydrogen 

is mainly produced by steam reforming of hydrocarbons which is, however, an 

unsustainable route, leading to an increase of the CO2 emission. Photocatalysis is a 

valuable approach for an environmentally friendly H2 production. In this work, TiO2 

nanoparticles (NPs) have been used as a semiconductor photocatalyst for H2 

generation. Here, the efficiency of bare TiO2 NPs has been compared with that of some 

laser modified and Au loaded samples. 

 

Material and methods  

 

As starting material TiO2 P25 aeroxide has been used, Au nanoparticles were prepared 

by laser ablation in water of ultra-pure gold rod (99.9% Goodfellow) using a Nd:YAG 

pulsed laser (1064 nm, fluence 1J/cm3). P25 NPs were laser treated with the third 

harmonic of the same laser (355 nm). The solar Hydrogen production by photocatalytic 

reforming of aqueous ethanol solution, was performed in a home-made Pyrex jacketed 

reactor thermostat at 30°C. The quantification of the evolved H2 was estimated with an 

online gas chromatograph, with a packed column and a TCD using Argon as carrier gas. 

The samples were morphologically and optically characterized before photocatalytic 

tests. 

 

Results and discussion 

 

We evaluated the Energy bandgap (Eg) of our samples by reflectance spectra, using 

Kubelca-Munka function F(R) and plotting (F(R)hν)1/r as a function of photon energy (hν). 

The Eg value of P25 decreases after laser treatment ranging from 3.27 eV to 2.9 eV. 

This decrease is even greater for samples loaded with Au NPs (2.7 eV). The H2 evolution 

under simulated solar irradiation was found to be higher over laser treated samples 

compared to the bare P25 one. The best system (Au 3wt% over P25 laser treated) 

showed a production of 41 mmol H2/(gcath) which is 140 times higher with respect to the 

bare P25. The reduction of the energy gap is generally associated to the formation of 

defect states within the gap (gap between the O 2p and the Ti 3d bands) induced by the 

laser treatment. Such defect generation, together with the decrease of Eg and the 

presence of Au NPs, acts as light trapping antenna and electron reservoir thanks to the 

plasmon phenomenon and explains the exceptional efficiency of H2 production of the 

modified samples. 
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Introduction 

 

Ion-conducting materials (ICM) play a crucial role in a variety of applications, including 

portable secondary batteries for electronic devices (e.g., computers, tools, cameras…), 

fuel cell- and battery-powered electric vehicles, dye-sensitized solar cells, 

supercapacitors and sensors. It has been suggested that a number of different 

processes are involved in the conductivity of ICMs. The predominant conductivity 

processes are ascribed to: a) the charge migration of ions between coordination sites in 

the host materials; and b) the increase of conductivity due to relaxation phenomena 

involving the dynamics of the host materials. The “hopping” of ions to new chemical 

environments can lead to successful charge migration only if ion-occupying domains 

relax via reorganizational processes; in general, the latter are coupled with relaxation 

events associated with the host matrix. 

 

Material and methods  

 

The instruments used to comprehensively study the electric response of ionic 

conductors will be concisely described. 

 

Results and discussion 

 

To provide the reader with the basic tools that are necessary to understand broadband 

electrical spectroscopy (BES), the first part of the contribution will review the general 

phenomena and basic theory behind each type of electric response that materials may 

exhibit when they are exposed to static or dynamic electric fields. This aim will be 

achieved by focusing on the practical use of equations, while referring to specialized 

texts for detailed explanations of the equations. In a second step, an overview of the 

application of BES in the study of the charge transfer mechanisms in anion-conducting 

membranes and the models adopted for the interpretation of conductivity 

mechanisms will be described and a unified conductivity mechanism will be proposed. 
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Introduction 

 

In the hydrogen fuel cells systems, the anion-exchange membrane (AEM) fuel cells 

(AEMFCs) have received increased interest in recent years as cost-effective energy 

conversion devices due to an alkaline environment that does not require expensive 

platinum catalysts. The most critical component of an AEMFC is the electrolytic anion-

exchange membrane (AEM), which should allow good charge and water transport, i.e. 

high ionic conductivity, but should also guarantee good chemical, thermal and 

mechanical stability and high durability. 

 

Material and methods  

 

We report on an extensive study on nanocomposite AEMs based on 

tetramethylammonium Polysulfone ionomer (PSU) and Layered Double Hydroxide (LDH) 

as nanofiller. PSU is a thermoplastic polymer with high thermal stability, good chemical 

resistance and mechanical properties. LDHs are excellent inorganic anionic conductors 

with elevated ion exchange capacity (IEC). 

 

Results and discussion 

 

PSU/LDH AEMs were investigated in both OH- and HCO3
- forms, comparing swelling 

capacity, ionic conductivity, and water diffusion. The latter was studied by NMR 

spectroscopy, measuring the self-diffusion coefficient by PFG NMR techniques. In 

addition, the 13C-NMR technique was used to investigate carbonation processes in the 

presence of CO2. Finally, an additional ionic conductivity measurement was performed 

for selected PSU/LDH membranes using Ziv and Dekel's method. In this method, the 

membrane hydroxide conductivity is measured without using K/NaOH electrolyte 

solution, avoiding all the complications associated with using an alkaline solution. 

The nanocomposite membranes can maintain good hydration at high temperatures, 

and to create an adequate nanostructure with the polymer chains, which favour the 

Grotthuss diffusion mechanism for the OH- ions. Such feature is reflected in the ionic 

conductivity and in the alkali stability, where they demonstrated the highest 

conductivity and a reduced membrane degradation rate. Finally, the carbonation 

process rate, studied by an original approach by 13C-NMR spectroscopy, showed that 

the presence of the LDH platelets into the AEM remarkably reduces the conversion rate 

of hydroxyl groups, as much as slow down the diffusion of carbonate ions. 
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Introduction 

 

This communication summarizes the results of the just ended FET EU project A-LEAF 

(grant 732840), where INSTM was the beneficiaries in charge of the development of the 

artificial-leaf type device, a photoelectrocatalytic unit constituted by a silicon 

heterojunction PV unit tightly integrated in an advanced, compact-type 

electrocatalytic cell. Other key partners participating to this development of the device 

where ICIQ (Institut Català d'Investigació Química, - Spain Prof. J.R. Galán-Mascarós, 

project coordinator), on the electrode development, and Forschungszentrum Jülich 

GmbH - Germany (IEK-5-Photovoltaik, Dr. T. Merdzhanova) on the PV element 

development. The lecture will also introduce the status on this topic based on our 

recent review on photoelectrocatalytic devices (Current density in solar fuel 

technologies, Energy & Environmental Science, 2021, DOI: 10.1039/D1EE02512K) and 

will also introduce the extension to a novel type of photocatalytic device at the core of 

another project coordinated by us (EU project DECADE, grant 862030) and where 

INSTM is among the beneficiaries. 

 

Material and methods  

 

The PV/EC device developed in the frame of the A-LEAF project is based on a compact 

flow electrocatalytic (EC) cell using a gas-diffusion electrode for CO2 reduction and 

optimized to minimize energy losses. A Silicon Hetero-junction Solar Cells (SHJ) is 

integrated in the device. This cell can be scaled-up for industrial production of formic 

acid (FA) from industrial and biorefinery waste CO2 streams. 

 

Results and Discussion 

 

The lab-scale cell operating at a working potential at the cathode of –0.8 V (vs. RHE) 

shows stable performances of the Cu-S electrode in 0.1M KHCO3 electrolyte. The 

artificial-leaf unit has a PV/EC configuration and shows a FE to formic acid close to 

60%, the remaining being H2, while no CO or other products were formed. The solar-to-

FA efficiency (STF to FA) was about 6-7% at high rates of FA production. In terms of 

combined STF and current density these are among world record results. The concept 

developed within DECADE project is instead different although sharing the same 

typology of PV/EC cell configuration. The DECADE project has the objective to produce 

the same marketable product at both sides of the artificial leaf-type cell and to link this 

device to the valorisation of biorefinery and methanol plant streams producing added-

value products, reducing the carbon footprint of the process and introducing 

renewable energy in the process. 
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Introduction 

 

Fischer–Tropsch synthesis (FT) is a well-known industrial processable to convert 

syngas mixture in useful products as long chain hydrocarbons. FT can be applied also in 

the conversion of CO2/H2 mixtures and, for this reason this technology is attracting 

interest in the field of biomass conversion processes. Nevertheless, different catalytic 

materials respect the traditional process are needed for the activation of the stable CO2 

molecule. In this study, a series of ternary hydrotalcites (HTlc) were prepared with and 

without ultrasound to obtain active Fe-based catalysts for the Fischer–Tropsch 

synthesis. All the samples in fresh and used form were characterized by XRPD, ICP-OES, 

SEM, TEM, FT-IR, BET, TPR and TG and tested in a fixed bed reactor. HTlc can be easily 

prepared and essentially consist of mixed metal hydroxides, where specific metal 

atoms are homogeneously dispersed at an atomic level. 

 

Material and methods  

 

Ternary HTlc constituted of Mg, Cu and Fe was synthesized both by means of an 

ultrasound-assisted co-precipitation method (MCF_US) and by a solvent-free method 

carried out by ball mill (MCF_BM). The samples were soaked for 2 h in a KNO3 solution at 

80°C then dried at 80°C until all water was removed. FT tests were performed in a fixed 

bed reactor loaded with 1 g of fresh catalyst. Fresh catalysts were initially reduced in 

situ by flowing hydrogen or a mixture of syngas for 4 h at 350°C and 0.8 MPa. They 

were then test at standard conditions by flowing syngas (H2/CO = 2/1) at 2.0 MPa and 

220–260°C. Analyses of the gas-phase products (C1–C7) were performed with an on-

line micro gas-chromatograph (Agilent 3000). Liquid products were collected in a trap 

at 5 °C and 2.0 MPa. A mass molar balance was performed for each FT run, resulting in a 

maximum error of ±5% on molar basis.  

 

Results and discussion  

 

HTlcs were activated in H2 or syngas atmosphere and characterized by different 

techniques: XRD, SEM-EDX and TEM. Similarly, HTlc were test in FT synthesis after 

different activations, i.e. in H2 or syngas atmosphere. The CO conversion and the 

selectivity towards methane, CO2, light and heavy hydrocarbons were determined. The 

CO conversion resulted higher and more stable for syngas activated catalysts. The 

selectivity was very low (<1%) for methane and very high (>40%) for higher chain 

hydrocarbons. The formation of carbide species in syngas activation should explain 

these results. 
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Introduction 

 

A new class of hydrogen storage materials has taken hold in the last years: the so-

called alkali-cluster intercalated fullerides (AxC60, x ≥ 6) in which the fcc structure of C60 

is intercalated by partially ionized alkali metal clusters. These materials are able to 

uptake high amounts of hydrogen via a reversible chemisorption mechanism at modest 

temperatures and dehydrogenation enthalpies. 

 

Material and methods  

 

The hydrogen sorption mechanism was investigated by: 1-“in situ” neutron diffraction 

by following the evolution of the structure on increasing the temperature under 

hydrogen pressure and 2-muon spin rotation spectroscopy thanks to the capability of 

this technique to follow the muonium reactions (a muon-electron bound state similar 

to an hydrogen atom).  

 

Results and discussion  

 

The evolution of the structure under hydrogen pressure on increasing temperature 

shows that in the case of x=6, the hydrogenation of C60 is the first process to occur 

eventually associated with a fcc to bcc structural phase transition. At moderate degree 

of C60 hydrogenation, a segregation of LiH is observed which progressively reduces the 

nuclearity of the intercalated clusters. This process decreases the efficiency of the 

cluster mediated hydrogen molecule dissociation, thus leading to the end of the 

absorption process occurring around 350C. During desorption, both processes (hydride 

formation and fullerene hydrogenation) reverse and the original material is fully 

restored. On the other side, implanted muons can also probe the chemisorption 

process through the formation of muonium, which is an isotope of hydrogen. The 

observed formation of a muon adduct radical confirms that C60 hydrogenation is the 

first process to occur, but its efficiency, related to the amplitude of the radical signal, 

increases on lowering the temperature down to 5K. This indicates that the cluster 

mediated hydrogen dissociation is the process requiring the relatively high 

temperatures needed for the storage process. The combination of in-situ neutron 

diffraction and muon spectroscopy allowed to disclose the hydrogenation mechanism 

of these new type of hydrogen storing materials. The results obtained give suggestions 

on how to further improve the (already satisfying) performances of these systems. 
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Introduction 

 

Ion-exchange membranes are the base of many energy storage and conversion devices 

as fuel cells and redox flow batteries. The preparation of polymers with high 

performances is challenging and even more when dealing with anion conducting ones, 

which need chemical stability in alkaline conditions. Polyketones are thermoplastic 

polymers obtained by copolymerization of inexpensive feedstocks (olefins and carbon 

monoxide) whose alternating 1,4-dicarbonyl repeating units are ideal to access a range 

of modified polymers by Paal-Knorr cyclization. 

 

Material and methods  

 

Starting from a commercial polyketone terpolymer (PK), we prepared functionalized 

polymers with different degrees of functionalization bearing pyridinium ionic groups 

able to exchange anions. They have been characterized in terms of composition, 

spectroscopic, thermal, mechanical, and electrical properties. 

 

Results and discussion  

 

The characterization confirms the conversion of the dicarbonyl moieties to N-

substituted pyrroles, followed by quantitative methylation to the pyridinium form. DSC 

reveals a decrease in crystallinity of with respect to PK, while TGA confirmed thermal 

stability up to 150°C. Ion conductivity determined by BES is higher than 5 mS/cm at 

80°C for the OH-form membranes. The proposed anion conducting polymers combine 

thermal stability with mechanical flexibility and good ionic conductivity both in iodide 

and hydroxide form, with possible applications in energy conversion devices. 
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Introduction 

 

Every year numerous domestic fire accidents are caused by the ease to burn of textiles 

(i.e., curtains, carpets, etc.). Only in 2017, 3.2 million fire accidents caused 16.9 

thousand casualties in 34 Countries. The first study about flame retardants (FRs) was 

dated 1950 and nowadays, commercially available flame retardants still exhibit some 

drawbacks; for this reason, biocompatible and degradable polymers called 

polyamidoamines (PAAs) have been studying. In fact, bio-inspired PAAs derived from 

glycine, arginine and cystine with N,N’-methylene bisacrylamide showed good 

performances as surface-confined FRs for cotton thanks to their intrinsic intumescent 

character. The aim of this work is to determine if the FR ability is a general feature of α-

amino acids derived PAAs, establishing structure-property correlations. 

 

Material and methods  

 

L-alanine (99%), L-valine (>99%), L-leucine (LEU, >98%), L-histidine (>99%), L-serine 

(99%), L-asparagine (>98%), L-glutamine (GLN, 99%), L-aspartic acid (>99%), L-glutamic 

acid monohydrate (GLU, >98%), N,N’-methylenebis(acrylamide) (M, 99%). Cotton has an 

area density of 240 gm-2. Cotton samples (6x3 cm2) were treated with PAA aqueous 

solutions and after that, the total dry solid add-on (wt.-%) was determined by weighing 

each sample before (Wi) and after impregnating and drying (Wf). The add-on was 

calculated according to Equation: Add-on% = [(Wf - Wi)/Wi] x 100. 10%, 7% and 5% add-

ons were applied; all samples were characterised by infrared spectroscopy, scanning 

electron microscopy and thermogravimetric analysis. Combustion properties of PAAs 

was assessed by ignition tests and those of PAA-treated cotton fabrics by horizontal 

flame spread tests (HFSTs). 

 

Results and discussion 

 

All PAAs under investigation, apart from the LEU-derived PAA, did not ignite upon 

direct flame impingement. In HFSTs 10% and 7% add-on PAA-treated cotton fabrics 

were able to extinguish the flame, obtaining different residual mass fractions (RMFs) 

instead, only 5% add-on specimens treated with M-GLU and M-GLN were able to 

suppress the flame with the high residues (84 and 74 %, respectively). 7% and 5% add-

on PAAs with hydrophobic side chain produced lower RMFs in both tests. All 

polyamidoamines showed an intumescent behaviour upon heating; in fact, they 

decomposed by forming a thermally stable carbonaceous structure (char). Carbon 

residue started to swell, limiting the oxygen, mass and heat transfer to the 

surrounding cotton. It was supposed that the side chains allowed the formation of 

thermally stable cyclic aromatic structures 
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Introduction 

 

Full inorganic perovskites, especially in forms of thin films and quantum dots, are 

nowadays among the most interesting and studied materials for photovoltaics and 

photonics applications. In this race to obtain thin and homogeneous layers of 

semiconductors, we succeeded in depositing lead halide perovskites thin films by using 

an innovative methodology based on unreactive plasma magnetron sputtering. The 

advantages of this approach respect to the traditional wet chemistry are mainly 

related to the very high film homogeneity and the possibility to obtain deposits on 

almost all type of substrates. Despite the considerable progress made in the 

development of perovskite-based devices, the long term efficiency and the moisture 

stability of such materials remains a challenge. Indeed, substrate materials can 

stimulate degradation phenomena, while crystallographic texturing as well as the 

presence of defects, can decrease the photovoltaic efficiency. Aiming to develop a 

robust fabrication suitable route for producing high quality thin films of relevance for 

optoelectronic applications, we investigate the role of the substrate materials and the 

deposit’s thickness respect to air stability and crystallographic texture. 

 

Material and methods  

 

CsPbBr3 thin films were sputtered on several types of substrates such as: soda lime, 

graphene-coated and uncoated silica glasses, indium tin oxide (ITO), polycrystalline gold 

and silicon. The stability to temperature - and moisture - controlled atmosphere (43% 

relative humidity (RH), 50 °C) was monitored by SEM, XPS, and direct reflectance 

spectra while texturing degree was evaluated by means of XRD 

 

Results and discussion 

 

The analysis finding evidenced a strong effect played by substrates on both the texture 

and the air-stability of the deposited perovskite films. 
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Introduction  

 

To counter CO2 emissions caused by anthropogenic activities, different materials have 

been studied as adsorbent materials for CCUS technologies. To increment their 

industrial applicability, they should be able to provide high CO2adsorption capacity, 

weak regeneration conditions and low costs. 

 

Material and methods  

 

In this work a comparison of different materials for CO2 capture was carried out. In 

particular, one commercial low-cost zeolite (LTA) and a natural one (Clinoptilolite) were 

used for CO2 capture at medium-low temperature (T=25-150°C), while the Mg3Al11CO3 

Hydrotalcite was chosen for medium-high temperature applications (T=300°C). To 

increase the adsorption capacities, CaLTA, NaClino and CaClino were prepared starting 

from the pristine NaLTA and Clinoptilolite by means of an ion-exchange process. 

After a preliminary basic characterization, the CO2 adsorption tests were carried out 

measuring pure CO2 adsorption/desorption isotherms at different operating 

temperatures (25-150°C for zeolites and 300°C for hydrotalcite). Dynamic 

breakthrough measurements were also performed. 

 

Results and discussion 

 

Concerning zeolites, the basic characterization step proved the cation exchange 

procedure occurred successfully. The CO2 adsorption of as such and ion-exchanged 

zeolites, evaluated with both volumetric measurements and breakthrough 

experiments, highlighted the highest adsorption capacity of CaLTA sample at 25, 60 

and 90°C (respectively 4.1 mmol/g, 3.5 mmol/g and 2.9 mmol/g at 1bar for pure CO2 

adsorption). In contrast, the pristine Clinoptilolite performed better at 150°C (1.3 

mmol/g, at 1bar for pure CO2 adsorption). For what concern the hydrotalcite, XRD 

pattern confirmed the successful of the synthetic procedure, whereas the adsorption 

isotherms collected at 300°C showed a better CO2 adsorption capacity with respect to 

the commercial reference (respectively 1 mmol/g and 0.4 mmol/g at 300°C and 1 bar).  

For medium-low temperature applications, LTA zeolites (mainly CaLTA) are the most 

performant material till 90°C, but at higher temperatures (150°C) Clinoptilolite appears 

to be the best choice also in consideration of its low commercial value (300 $/Ton).  

Concerning the high temperature applications, the synthesized hydrotalcite samples in 

powder form shows higher performances in CO2 adsorption compared to the results 

reported in the literature. 

 

 

 

 

 

 

O2.3 



 

 

SUSTAINABLE LIQUID-PHASE EXFOLIATION OF LAYERED MATERIALS WITH 

NONTOXIC POLARCLEAN SOLVENT 
 

De Santis J1,2, Paolucci V1, Di Iorio G1, Politano A2,3, Cantalini C1,3 

 
1Department of Industrial and Information Engineering and Economics, University of L’Aquila, 

Italy 
2Department of Physical and Chemical Sciences, University of L’Aquila, Italy 

 

Introduction 

 

The growing interest in the application of 2D-graphene like materials has prompted the 

research community to study new strategies to improve exfoliation yields and product 

quality of 2D layered materials. Liquid phase exfoliation (LPE) is the most viable and 

scalable technique to produce high quality 2D materials, make use of NMP and DMF 

solvents, which have been recently included in the list of Substances of Very High 

Concern, (REACH regulation). Innovative sustainable processes, which make use of 

green solvents, represents therefore a challenging issue for massive production of 

these new materials. Aim of this work is to compare conventional solvent exfoliation 

routes with new cost-effective, toxic-free and biodegradable green solvent 

(Rhodiasolv Polarclean) exfoliation technologies suitable to be scaled-up for large 

production of 2D materials. 

 

Material and methods  

 

A 0.05 g portion of powders of WS2, MoS2 and Graphite was dispersed in 40 mL of 

Rhodiasolv Polarclean (SOLVAY) and sonicated for 3 h in a bath sonicator at 25°C. After 

controlled centrifugations to remove solvent residuals, thinner flakes were collected 

from the supernatant and characterized by AFM, SEM, HRTEM, STEM and Raman 

Spectroscopy. 

 

Results and discussion 

 

Direct comparison over the exfoliated WS2, MoS2 and Graphene, demonstrated that 

the Polarclean Liquid Phase Exfoliated flakes (LPE) yield, an homogeneous nanosheets 

distributions with an exfoliation yield higher than the NMP solvent (∼350%), while 

maintaining comparable lateral size dimension. We also found that Polarclean did not 

induce further oxidation in the flakes, as attested by XPS measurements which showed 

an oxidation rate comparable to the NMP. Lastly, by Raman spectroscopy on Graphene 

flakes exfoliated with Polarclean, we also found that the defect density is about 1 

order of magnitude lower than LPE assisted by other solvents. Based on our results, 

Polarclean solvent exhibits the same behaviour as the NMP solvent in terms of 

dispersibility, thanks to comparable Hansen parameters (38 mN m-1 and 40 mN m-1 

respectively). From XPS analysis, we found the same oxidation performance of both 

solvents, which indicates that Polarclean do not induce further oxidation. For both 

solvents, lateral size dimensions are comparable, but with Polarclean the thickness is 

less than NMP exfoliated (4 nm and 30 nm respectively). On this account the exfoliation 

yield of Polarclean is around 85% with flakes less than 5 nm thick. Finally, Polarclean an 

ideal candidate for inkjet printing given its dynamic viscosity of 9.8 cP, which improves 

the jetting performance as respect to less viscous traditional solvents (i.e. 2.3 cP). 
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Introduction 

 

Poly(alkylene 2,5-furandicarboxylate)s (PAFs) are a new class of bioderived polymers, 

emerging as a sustainable and biobased alternative to fossil-derived poly(alkylene 

terephthalate)s (PATs), widely used for packaging applications. One of the main 

obstacles to their industrialization is the lack of knowledge of their thermomechanical 

behavior. Therefore, this work aims to characterize their properties in the form of films 

(a) as neat homopolymers, (b) in blend with other biopolymers (e.g., polylactide, PLA), 

and (c) added with carbon nanofillers such as carbon nanotubes (CNTs) and reduced 

graphene oxide (rGO). 

 

Material and methods  

 

The long-alkyl-chain PAFs poly(decamethylene 2,5-furandicarboxylate) (PDeF) and 

poly(dodecamethylene 2,5-furandicarboxylate) (PDoF) have been synthesized with a 

two-step polycondensation procedure. Multi-walled carbon nanotubes (CNTs) Nanocyl 

NC7000 and NatureWorks Ingeo PLA 4032D were used as received. rGO was obtained 

by thermo-chemically reducing a commercial Graphenea graphene oxide (GO) 

suspension. Nanocomposite films were prepared by solution casting in chloroform and 

hexafluoroisopropanol. 

 

Results and discussion 

 

For the nanocomposites PDeF/CNTs (CNT up to 2 phr), the homogeneously distributed 

and well-debundled CNTs positively homogenize the microstructure, enhance the 

crystallization kinetics, and improve the strength, stiffness, and creep behavior of 

PDeF. Surprisingly, the strain at break also increases (+71% with 0.25 phr of CNTs than 

neat PDeF), due to a more homogeneous microstructure. For the nanocomposite blends 

PLA/PDoF/rGO (PDoF up to 10 wt%, rGO up to 2 phr), PDoF and PLA are immiscible and 

PDoF is visible as homogeneously distributed spheroidal domains. The morphology of 

such domains changes after the addition of rGO, as they become rougher and smaller 

and with an increased interfacial interaction with the surrounding PLA matrix. 

Interestingly, PDoF and rGO synergistically contribute to the crystallization kinetics of 

PLA. The addition of 10 wt% of PDoF to PLA leads to a slight decrease in the tensile 

modulus and strength and to a noticeable increase in the strain at break (+145 %), thus 

tackling one of the main drawbacks of PLA, i.e., its brittleness. rGO and PDoF also 

improve the gas barrier properties of PLA, by decreasing the permeability and the 

diffusivity to CO2, O2, and N2. The resulting films exhibit interesting thermomechanical 

and gas barrier properties, very promising for packaging applications. 
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Introduction 

 

Among chemical intermediates, acetaldehyde is a fundamental platform molecule for 

the production of others oxygenated compounds. Moreover, the availability of 

bioethanol, produced either by the fermentation of lignocellulosic biomass or from 

algae, make it possible to produce renewable acetaldehyde via ethanol 

dehydrogenation. Innovative syntheses have proven to be crucial in the control on 

catalyst’s robustness, texture and porosity, in order to obtain high catalytic 

performance. Therefore, the results of catalytic experiments in transient and steady 

state conditions obtained adopting different synthetic strategies for the production of 

Cu/ZnAl2O4 supported catalytic materials and of unsupported CuO and Cu nanoparticles 

are presented.  

 

Material and methods  

 

Catalysts, with a fixed copper amount of 7.4 wt.%, were prepared by conventional 

impregnation, wet and incipient, and via chitosan complexation (CC), solid state 

synthesis (SS), carbon assisted solid state (CSS) and hard template (HT) synthesis. 

Unsupported copper oxide nanoparticles were also synthesized to investigate support-

active phase interaction. Catalysts have been tested in TPSR and steady state 

conditions (423-773 K), furthermore they were also fully characterized.  

 

Results and discussion 

 

Characterization data revealed that Solid State made materials, constituted by 

aggregation of small particles with an average diameter ≦ 20 nm, had and an enhanced 

support-active phase interaction. TPSR and steady state measures demonstrated that 

the main product is acetaldehyde. Even at the highest temperatures ethyl ether and 

ethylene are scarcely noticeable. Moreover, also at the 2nd catalytic cycle, all the 

catalysts maintain high selectivity. Finally, the catalysts slowly deactivate at the 

timescale of 8 h on stream. Copper and copper oxide nanoparticles result poorly active 

toward ethanol dehydrogenation. Thus, the support is fundamental to achieve target 

performances in ethanol dehydrogenation. The obtained supported catalysts show 

high activities, and high selectivities also at high conversion. In particular, the 

innovative Cu-SSC catalyst allows 86 % yield in acetaldehyde at 623 K in steady state 

conditions. This work provides evidence of the important effects induced by the 

preparation procedure on the catalyst structure and its performances. 
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Introduction 

 
Bifunctional hierarchical porous catalysts have been designed and optimized, affording the 

formation of furan- and tetrahydrofuran-derivatives in an efficient one-step process starting 

from FF and ketones. These products could be applied as potential biofuels or biosolvents. 

 

Material and methods  

 
A novel bottom-up approach was used to synthesize hierarchical SAPO-5 (HPSAPO-5) catalysts. 

This method avoids post- synthetic demetallation under acid or basic conditions as commonly 

found in topdown methods, resulting in a localized collapse of the zeolite framework. A series of 

HPSAPO-5 catalysts with variable Si loadings were prepared using cetyl trimethylammonium 

bromide (CTAB) encapsulated within MCM-41, serving both as Si source and mesoporogen. The 

variation of Si loading allows a modulation of the acid sites density and strength by a partial 

substitution of framework P with Si, resulting in the formation of Brønsted acid sites of medium 

acid strength through a type-2 substitution mechanism (SM2). By impregnating Pd over 

hierarchical SAPO-5, a bifunctional catalyst has been designed. Structural, textural properties 

and acid strength and accessibility of hierarchical SAPO-5 was monitored by using XRD, 

volumetric analysis and coupling ss NMR with FTIR spectroscopy of adsorbed molecular probes. 

 

Results and discussion  

 
A series of crystalline silicoaluminophosphate SAPO-5 catalysts with hierarchical porosity and 

variable silicon content were synthesized using a bottom-up method starting from 

presynthesized MCM-41, with the surfactant inside the mesopores. Among all the catalysts 

synthesized, hierarchical SAPO-5 with Si=0.9 (HPSAPO-5/0.9Si) exhibited a remarkable increase 

of the catalytic activity compared to the microporous counterpart in the aldol 

condensation/crotonization reaction between furfural and methyl isobutyl ketone. HPSAPO-

5/0.9Si exhibited a lower density of Brønsted acid centers compared to microporous SAPO-

5/0.9Si, as inferred by combined 1H MAS NMR and in situ FTIR spectroscopy using NH3 as probe 

molecule. However, HPSAPO-5/0.9Si displayed a higher mesoporous specific surface area 

combined with the presence of Si-OH moieties on the external surface. The interconnectivity of 

micro and mesopores in HPSAPO-5/xSi catalysts is expected to favor the cooperativity between 

strong Brønsted acid sites located in the SAPO-5 channels, which are characterized by a band 

centered at 540°C in the NH3-TPD profile, and external Si-OH groups, facilitating the activation 

of methyl isobutyl ketone (MIBK) and further attack to furfural (FF). By impregnating Pd, 

4.8%Pd/HPSAPO-5/0.9Si afforded the synthesis of hydrogenated THF-derivatives with 45% 

yield in the one-reactor tandem aldol condensation/crotonization reaction between FF and 

MIBK, followed by hydrogenation with molecular H2. The catalytic activity declined after the 

reaction mostly due formation of carbon deposits but could be recovered after calcination. 

 

 

 

 

 

O2.7 



 

 

FROM BIO TO BIO: FABRICATION OF BIO-BASED COMPOSITES FOR BIOMEDICAL 

APPLICATION TROUGH AN ECO-FRIENDLY ADDITIVE MANUFACTURING PROCESS 

 
Giubilini A1,2, Siqueira G3, Rottmar M4, Nyström G3, Messori M2,5, Bondioli F2,5 

 
1Department of Engineering “Enzo Ferrari”, University of Modena and Reggio Emilia, Modena, 

Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSMT), Firenze, Italy 
3Cellulose & Wood Materials Laboratory, Swiss Federal Laboratories for Materials Science and 

Technology (Empa), Dübendorf, Switzerland 
4Laboratory for Biointerfaces, Swiss Federal Laboratories for Materials Science and Technology 

(Empa), St. Gallen, Switzerland 
5Department of Applied Science and Technology (DISAT), Politecnico di Torino, Torino, Italy 

 

Introduction 

 
In recent years, eco-sustainability has gained importance due to the worsening environmental 

issues, with associated social and financial impacts. In this regard, the investigation of novel 

materials and green processes has attracted the attention of researchers from different fields 

including biotechnology, material science, engineering and medicine. Specifically, this work aims 

to develop a green fabrication process for innovative bio-based materials with tunable final 

properties for biomedical applications. 

 

Material and methods  

 
Biocomposites were fabricated using poly(3-hydroxybutyrate-co-3-hydroxyhexano-ate) 

(PHBH), a natural aliphatic polyester synthesized by bacteria, as a matrix and acetylated 

cellulose nanocrystals (CNCs), chemically modified via a solvent free acetylation procedure, as 

reinforcing agents. Final biocomposites were obtained at varied concentrations of CNCs from 5 

up to 20 wt%, via melt compounding by using a high-shear internal mixer. Filaments were 

obtained by extrusion through a die orifice, using a piston extruder, and further 3D printed with 

a Fused Filament Fabrication (FFF) approach. 

 

Results and discussion 

 
The findings showed that CNCs offer a way to tune the mechanical, rheological, thermal and 

functional properties (disintegration rate, water affinity, superficial roughness…) of the 

biocomposites. For example, it was demonstrated that CNCs caused a shift toward higher 

thermal stability temperatures, which varied from 220 °C for neat PHBH to 265 °C for 

composites; the degree of disintegration under composting conditions increased with respect 

to the acetylated CNC content, up to a maximum weight loss of 94% after 78 days; and 

superficial roughness doubled with 10 wt% of CNCs, compared to neat PHBH. To assess the 

potential of our materials for biomedical field, we evaluated the growth and proliferation of 

normal human dermal fibroblast (NHDF) cells on 3D printed scaffolds, along with a plasma pre-

treatment. The enhanced properties of the biocomposites were attributed to the optimized 

affinity between the PHBH matrix and the functionalized CNCs. Comparing these biocomposites 

with traditional biomedical implantable materials (e.g., ceramics or metals) the benefit of a 

resorbable device, which does not leave any trace in the human body after the healing process, 

is noteworthy. Besides, FFF approach has several improvements over traditional scaffold 

production techniques, such as a higher control over the final geometry and/or no need of 

harmful solvents. For this reason, this novel grade of 3D printable materials with tailorable 

properties opens great opportunities for creating bio-based, sustainable and biodegradable 

objects, combining the advantages of eco-friendly materials with the advantages of additive 

manufacturing. 
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Introduction 

 

Arsenic water pollution is one of the worst environmental problems currently facing 

many countries. Hence, versatile materials for oxidizing As(III) species into less 

hazardous As(V) species has triggered increasing attention. In this work, TiO2 was 

coated on pre-formed SBA-15 to produce Ti-SBA-15. Ti-SBA-15 has been tested as a 

photo-catalyst for the oxidation of As(III) into As(V). 

 

Material and methods  

 

SBA-15 was synthesized, extracted with ethanol, treated with Ti(OBu)4 and calcined. 

The materials were characterized by XRD, Raman, FTIR, N2 adsorption at 77 K, UV-Vis 

DRS and TEM techniques. Photooxidation tests were carried out and the amount of 

Reactive Oxygen Species was measured. A mechanism for the adsorption and photo-

oxidation of As(III) on Ti-SBA-15 is proposed. 

 

Results and discussion  

 

Anatase in Ti-SBA-15 (730 m2g-1) narrows the openings of SBA-15 but does not plug its 

pores. 6-33 nm TiO2 particles are visible in the TEM observations. In the dark, the As(III) 

adsorption equilibrium on Ti-SBA-15 was reached, showing a moderated adsorption 

capacity at pH 4, 7, and 9 (7%, 11%, and 30%, respectively). Ti-SBA-15 proved to be an 

efficient photo-catalyst in the pH range 4-9, with more than 98% As(III) photo-oxidized 

into As(V), whereas SBA-15 instead showed a negligible effect on adsorption and 

photo-oxidation. The satisfactory adsorption of As(III) on Ti-SBA-15 is attributed to the 

presence of surface hydroxyl groups on the dispersed TiO2, which promote the 

formation of surface monodentate As(III) complexes on Ti-SBA-15. The photocatalytic 

activity of Ti-SBA-15 is due to the generation of reactive oxygen species, including •OH 

and 1O2, from TiO2 during the irradiation, as a consequence of the highly dispersed TiO2 

nanoparticles over the SBA-15 skeleton. Despite the fact that TiO2 covers only a few 

percent of the overall Ti-SBA-15 surface, it shows an unprecedented photocatalytic 

behavior, demonstrating to be a prominent photo-catalyst for the removal of arsenic 

from water. Funding. AG thanks the FONDEF-ANID (IT19I0006) and the REDES-ANID 

(REDES190014) funds. GG gratefully acknowledges the project STAR_2, PIR01_00008 
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Introduction 

 
Nowadays one of the most important challenges in the scientific field is represented by the 

capture, degradation, and removal of environmental pollutants in water. In particular, the 

possibility to have all-in-one- systems capable to do all these things at the same time is still an 

open challenge. In this perspective, hydrogels from food waste, combined with appropriate 

receptors and plasmonic signal transducer offer the opportunity to obtain multi-purpose 

systems environmentally sustainable at the 

service of water remediation. 

 

Material and methods  

 
Chitosan extracted from crustaceans’ shells using extraction method with HCl and NaOH, and 

alginate extracted from brown algae are used to obtain hydrogels which can act as adsorbents 

for water pollutant by exploiting their great absorption capability. To guarantee strong 

interaction with specific pollutants, α, β and γ cyclodextrines (CDs) are employed as receptor 

units. The use of plasmonic nanoparticles, such as AgNPs and AuNPs, give us the possibility to 

exploit plasmonic sensing and photo-catalytic properties to develop a new strategy for sensing 

of pollutants. 

 

Results and discussion  

 
The final systems were employed to remove the most common water pollutants such as dyes 

(MB) and drugs (SMOX) by exploiting the affinity of CD receptors towards benzene and 

heterocyclic ringmoieties. In particular, the use of Ag@βCD NPs-alginates bubbles in capture of 

pollutants allows us to exploit portable Raman spectrometer for detection. Moreover, the 

presence of plasmonic nanoparticles enabled the successful photodegradation of the 

pollutants. The same systems have been extended for detecting polychlorinated biphenyls (PCB) 

and the combination of Raman spectroscopy with principal component analysis (PCA) allowed to 

improve the detection limit of 1 ng/L, which is lower than that requested by current legislation. 

Finally, replacing alginate with chitosan allows to add antibacterial properties to the system 

that can be exploiting for interaction with of other pollutants. The use of food-waste based 

polymeric matrix allowed to absorb a large variety of pollutants. For our purpose, the addition 

of CDs was demonstrated particularly useful. The relatively hydrophobic inner cavities, in fact, 

make them particularly reliable in generating host-guest complexes with compounds with 

benzene or heterocyclic groups. In this context, NPs acts as plasmonic nano-antennas, 

capturing visible light and concentrating the electromagnetic field generating local hot-spots 

that make them particularly efficient for SERS analysis and photo degradation. In this way we 

achieved a double step forward in environmental fields: recovery of food waste to make 

biocompatible material and use of systems for environmental remediation. 
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Introduction 

 

Rigid crosslinked interpenetrated network polyvinyl chloride (PVC) foams are widely 

used as core materials in the composite industry. Nevertheless, no recycling methods 

exist today for these End-of-life (EoL) materials. In this work, various amounts of EoL 

PVC crosslinked foams in the form of particles were used as filler in rigid polyurethane 

foams. 

 

Material and methods  

 

The crosslinked PVC foams in the form of compact disks were provided by Diab SpA 

(Longarone, BL, Italy). These were crushed and sieved to obtain a powder with a particle 

size below 800μm. Rigid polyurethane foam was produced mixing polyol and 

isocyanate at a relative mass ratio equal to 100/130. The liquid precursors (i.e., 

isocyanate and polyol) and the various amount of PVC were mixed together in a beaker 

for 15 s at 100 rpm. The resulting mixtures were then poured in a wood mold, and were 

let to expand in an oven at 40°C for 20 min. In this way, neat PU foam and PU foams 

filled with different amounts of PVC (from 2.5% to 30% by weight) were prepared. 

 

Results and discussion  

 

Using scanning electron microscopy, a significant variation in microstructure was 

observed in which the closed cell morphology of PU foams was progressively 

transformed to open cell morphology by the addition of PVC particles. Moreover, such 

addition also induced the cell pore size reduction of PU foam. Density measurements 

on the foams were performed to evaluate their porosity degree. Such calculations 

confirmed the open porosity in the foams induced by the added PVC particles which 

passed from 60% for neat PU foam to 90% for PU-5PVC foam. Compression test 

performed on the produced PU/PVC composite foams revealed an increased 

compressive strength (40%) for PU foams reinforced with 5% PVC afterwards the 

strength gradually decreased by 20% for foams reinforced with 30% PVC. Thermal 

conductivity of the composite foams was performed by a heat flow meter (Netzsch 446 

Lambda small). Tests were conducted on samples having dimensions of 20 cm x 20 cm x 

0.25 cm with mean temperatures of -5°C, 5°C, 20°C and 40°C. It was observed that even 

with excessive addition of PVC (up to 30%) the thermal conductivity of the PU foams 

remained under 0.035 W/mK, which is the threshold value for insulating materials. This 

hence confirms an effective reutilization of PVC particles without significantly 

compromising the characteristic features of the PU foams. 
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Introduction 

 

The increase of global CO2 concentration is the main responsible for global warming. 

Nitrogen containing ordered mesoporous carbons (NOMCs) are here proposed as CO2 

adsorbents, thanks to their adsorption ability and selectivity in simulated flue gases 

mixtures. In this work, NOMCs are synthesized as replications of an ordered 

mesoporous silica hard template, using the well-known nanocasting route. This 

method is convenient for achieving a pore architecture composed of both micro- and 

mesopores able to promote at the same time improved capture performances and fast 

kinetics of gas diffusion, respectively. One of the drawbacks of the synthesis of NOMCs 

is the use of toxic carbon/nitrogen sources or the addition of post-synthesis 

treatments for the nitrogen doping process. 

 

Material and methods  

 

A more sustainable approach is proposed in this work, using eco-friendly sources as 

nitrogen-rich carbon precursors. The effect of the pyrolysis temperature (varied from 

600 to 900°C) on the development of microporosity and N incorporation was related to 

pure CO2 adsorption and selectivity in CO2/N2 mixtures (20/80 v/v). 

 

Results and discussion  

 

A maximum CO2 adsorption capacity of 1.47 mmol g-1 was achieved by the sample 

pyrolized at the highest temperature (i.e., 900°C) at 30°C / 0.9 bar / pure CO2, while a CO2 

uptake of 0.82 mmol g-1 was obtained by the sample pyrolized at the lowest 

temperature (i.e., 600°C) at 35°C / 1 bar / 20% CO2. The enhancement in pure CO2 

adsorption is due to the increase of the micropore content. On the contrary, 

a lower pyrolysis temperature (600°C) allowed for the retention of a higher amount of 

N, beneficial for the selective adsorption of CO2 in presence of N2. 
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Introduction 

 

In the last few years new catalytic technologies and innovative systems have been 

developed, enhancing process performances and disclosing full valorization of 

renewable lignocellulosic biomasses for the production of added value chemicals. In 

this context, integrated reductive catalytic fractionalization processes (lignin-first 

approach) gained a lot of attention being a catalytic approach in which priority 

attention is given to lignin that is “firstly” converted into aromatic feedstocks. The 

lignin-first approach involves solvolysis, fractionalization-depolymerization and 

reductive stabilization steps in the presence of a heterogeneous redox catalyst and a 

reducing agent. 

 

Material and methods  

 

The aim of this work is to investigate the basic chemistry beyond the lignin-first 

approach by using commercially available Ru/C and Pd/C catalysts as well as bimetallic 

Pd-based catalysts for the C-O bond cleavage of three lignin model aromatic ethers 

(DPE, PPE and BPE). Catalytic tests were conducted in the presence of alcoholic H-donor 

solvents (methanol, ethanol and 2-propanol) or their mixture with water in the 

temperature range of 120-240°C both in the presence or in absence of molecular 

hydrogen. 

 

Results and discussion  

 

After 3 h of reaction, under CTH conditions, a high DPE conversion at 210°C (95 %) can 

be obtained by using 2-PrOH as solvent/H-donor in the presence of Ru/C as catalyst. 

Benzene and cyclohexanol were obtained as main reaction products with an overall 

aromatic yield of 42%. A very low conversion (< 2%) was registered with ethanol and 

methanol. The commercial Pd/C generally exhibits a lower activity under both 

hydrogenolysis and CTH conditions if compared with the Ru/C catalyst. Ru/C was found 

to be a better catalytic system, with respect to Pd/C, in the production of aromatic 

compounds from lignin model DPE that was studied as model molecule to investigate 

the complex hydrogenolysis-hydrogenation-hydrolysis reactions that occur in the 

cleavage of the etheric 4–O–5 C–O bond. The direct hydrogenolysis is preferred in the 

presence of 2-propanol (that provides best results both in terms of DPE conversion as 

well as in the production of aromatic compounds), whereas the hydrogenation-

hydrogenolysis pathway is favored by using molecular hydrogen. At the same time, by 

adding water as co-solvent, the impact of the reductive hydrolysis becomes more 

significant allowing the preferential formation of hydrogenated phenolic compounds. 
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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. 

 

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. Freestanding, flexible bioplastic films were 

obtained from vegetable wastes like carrot, parsley, radicchio and cauliflower. The 

films appear to be homocomposites of vegetable macromolecules (cellulose, pectin, 

hemicellulose). 

 

Results and discussion  

 

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. 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 

 

In the last decade Beta cyclodextrin (βCD)-based polymers have found many different 

applications in different fields such as pharma, food, and environmental. Most 

syntheses of βCD-based polymers, unfortunately, require the use of organic solvents 

or toxic reactants which may affect potential biomedical or environmental 

applications. In this context, we are reporting here a new eco-friendly synthesis of βCD 

polymers that exploit a combination of Mechanochemistry and Natural Deep Eutectic 

Solvents (NaDESs). Mechanochemistry involves the application of mechanical forces to 

drive and control chemical reactions by transferring energy to chemical bonds. 

Mechanosynthesis are meant to be “solvent-free” but in some cases the reaction can 

occur in presence of solvent or, as in this case, with liquid reagents, acting as solvents. 

NaDESs, represent a green replacement for petroleum-based solvents but suffer from 

the intrinsic criticalities in their use and production, mostly related to the technical 

difficulties of mixing solid reactants to make a high viscosity liquid. Mechanochemistry 

permitted us to overcome the limitations of a traditional NaDES reaction. 

 

Material and methods  

 

The new synthesis of water-soluble βCD-based polymers here reported exploits a 

choline chloride/citric acid NaDESs and is conducted using different two mechano-

chemical approaches. In the first one, reactants are inserted in a Twin-Screw Extruder, 

between the two preheated screws, in a closed chamber. After a first mixing the 

material is recycled and re-mixed, permitting the polymerization to occur. The second 

synthesis is driven in a planetary Ball Mill, with two different rotating jars. The reaction 

occurs in a closed vessel, containing the reactants and the balls. 

 

Results and discussion  

 

We first demonstrated the possibility to easily obtain a Choline chloride/citric acid 

NaDES using two different apparatuses, a Ball Mill and a Twin-Screw Extruder, then the 

possibility to use the same instruments for the synthesis of a polymer. NaDES were 

exploited as solvent system and as reactants at the same time, leading to the 

formation of a water- soluble biopolymer. Moreover, the soluble polymer from 

mechanochemical syntheses was thermally cured to obtain a cross-linked insoluble 

structure. Both the soluble and insoluble polymers were characterized and compared, 

demonstrating substantial differences regarding to the diverse mechanochemical 

approaches. TSE has recently shown a great potential in the mechanosynthesis of deep 

eutectic solvents and the possibility to exploit this continuous method for the 

production of this promising biopolymer is particularly appealing for a scale-up of the 

reaction. 
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Introduction 

 

Nowadays, the presence of synthetic dyes in industrial effluents is leading to 

environmental concerns due to the impact of such contaminants on ecosystems and 

human health. Dyes are substances used in many industrial fields. Among all, 

methylene blue is a cationic dye with high water solubility. Many methods have already 

been applied to remove synthetic dyes from industrial wastewaters. Adsorption 

process is the most used one since its technological simplicity, low cost and wide 

availability of adsorbents. The use of common sorbents and their regeneration could 

noticeably increase the cost of the adsorption process. In our case, in an effort to 

address the need to develop more sustainable biomaterial-based sorbents, modified 

and engineered hemp fibers are fabricated to be a versatile class of sorbents. The use 

of hemp fiberboards will allow to easily handle the adsorbent facilitating the 

desorption and reusability processes and limiting, in this way, the operating costs. 

 

Material and methods  

 

Low density hemp fiberboards were supplied by Nafco Company (Naples). (3-

Aminopropyl)triethoxysilane (APTES), NaOH in pellet form, HCl solution 37% v/v, 

graphite oxide and methylene blue were used as reagents. 

 

Results and discussion  

 

The use of hemp fibers modified with graphite oxide for the removal of methylene blue 

from aqueous solutions was investigated. Parameters such as contact time, pH, 

temperature and initial concentration of dye were varied and their effects on the 

adsorption recovery were evaluated. The adsorption process attained the equilibrium 

within 30 minutes while the adsorption capacity was found to increase with increasing 

contact time. Maximum adsorption capacity slightly increases with temperature 

indicating that the process is slightly endothermic (ΔH=3.43 KJ/mol). A mathematical 

algorithm was applied to individuate the optimal set of process parameters (pH=9.25, 

T=53.8°C and C0=13.2 mg/L) which maximizes the removal capacity. The amount of dye 

was found to be highly dependent on pH regime, initial concentration of dye and 

slightly dependent on temperature. The pH level has important bearing on adsorption 

content indicating that weak electrostatic interactions could exist between cationic 

dye and electron rich sites of surface. Regeneration studies showed 5% drop in 

adsorption capacity after 7 cycles. It follows that hemp fibers modified with carbons 

could be used as an easily available adsorbent. So, it is raising up as an alternative for 

costlier adsorbent materials used in wastewater treatment processes. 
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Introduction 

 

The world energy economy is facing a global transition, and batteries based on novel 

chemistries are required in order to support this phenomenon. Polyoxoethylene-based 

(POE) materials are one of the mostly investigated sytems to obtain flexible ion-

conducting polymer electrolytes (PEs) for the next generation secondary batteries. In 

the present study, novel Ca2+-conducting PE membranes are proposed, and the impact 

of the Ca2+ doping and chain length on the microstructure and on the conductivity 

mechanism is investigated. 

 

Material and methods  

 

The PE membranes are obtained by solvent-casting and UV-radical crosslinking of a 

dispersion in acetonitrile of calcium triflate and POE (MW 400 kDa and 1000 kDa), thus 

obtaining PC400/CaTf2 and PC1000/CaTf2 PEs (OE/Ca molar ratio ca. 1:0.037). Extensive 

physical-chemical characterizations (MDSC, TGA, FT-IR) are performed and correlated 

with broadband electrical spectroscopy (BES) studies in order to unravel the interplay 

between the microstructure and the electrical response and thus elucidating the 

conductivity mechanism occurring in the proposed PEs. 

 

Results and discussion  

 

Upon the doping by CaTf2, the vibrational spectroscopies, MDSC and BES reveal the 

presence of a mesoscale heterogeneity and of an interaction between the Ca2+ and the 

polymer hosting matrix. In particular, two nano-domains are formed, which correspond 

to the “free” POE chains and the POE chains involved in the coordination of Ca2+. BES 

studies reveal that the long-range charge migration mechanism of Ca2+ is mediated by 

the exchange of Ca-based species between different POE chains. The interchain 

hopping of Ca2+ is assisted by the “segmental motions” of the polymer hosting matrix in 

the order PC1000/CaTf2 < PC400/CaTf2. Moreover, for sample PC1000/CaTf2, Tf- anions 

can act as plasticizers establishing weak “dynamic crosslinks” that further promote the 

interchain hopping of Ca-based species and increase the ionic conductivity value up to 

ca. 10-4 S∙cm-1 at 60°C. 
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Introduction 

 

With the rapidly growing demand for low‐cost and safe energy storage, the advanced 

battery concepts have triggered strong interests beyond the state‐of‐the‐art Li‐ion 

batteries. Research in these technologies has increased dramatically with a focus on 

the development of new electrodes materials. For that reason, we have aimed on 

developing innovative and Cobalt-free functional materials for application in LIBs that 

exhibits excellent stability in a wide voltage range and high specific capacities. 

 

Material and methods  

 

This study was focused on the realization, through sol-gel synthesis, structural and 

electrochemical characterization of a family of novel cathodes with spinel structure of 

the LiFexMnyTizO4 type, realized as a function of different stoichiometric ratios of the 

transition metals. The relationship between composition, structure and battery 

performance of this high-energy cathode materials were investigated through 

galvanostatic cycling, by performing an ex-situ XRD and XAS, collecting patterns during 

cycling at different voltages, and SEM-EDS analysis. 

 

Results and discussion  

 

The new cathodes, obtainable with a simple synthesis, show excellent capacity 

retention during cycling, a wide working voltage range (1.5 V - 4.8 V) versus lithium 

metal, good stability, and overall efficiency. Through structural and compositional 

investigation, the materials exhibit a clear phase separation observed throughout the 

electrochemical process. This split is consistent with the coexistence of two spinel 

phases, with different composition and different lattice parameter. The 

electrochemical characterization of the cathodes evidences the goodness of 

reversibility of the electrochemical phenomena that leads to specific capacity values 

that remain always up to 100 mAh g-1 even at high current density. Those materials, 

after the first full lithiation, exhibit a peculiar two-phase system, with a neat 

separation and nonuniform distribution of Mn and Ti while the Fe distribution remain 

homogeneous. This two-phases, defined as Spinel-1 and Spinel-2, exhibited different 

behavior upon cycling: the lattice parameter of Spinel-1 remain constant (~8.25 Å), 

while Spinel-2 show expansion and contraction. These considerations suggest the 

presence of a phase electrochemically inactive and a phase electrochemically active. 

This unique separation confers good structural stability to the cathodes. 
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Introduction 

 

An emerging class of materials known as high entropy oxides, based on the concept of 

multiple elements in near-equimolar ratios is catching on. In these materials, up to five 

cations can be introduced to occupy the same Wyckoff position of the same crystal 

structure, thus increasing configurational entropy. It was investigated the lithiation 

mechanism of a Transition Metal High Entropy Oxide (TM-HEO) with rocksalt structure, 

Mg0.2Co0.2Ni0.2Cu0.2Zn0.2O, applying ex situ and in operando XAS. 

 

Material and methods  

 

TM-HEO was synthesized by a solid-state reaction and the resulting anode was 

characterized through electrochemical measurements cycled between 0.01V-3V at 

different C-rate. Structural investigations were performed by SEM-EDX analysis and 

XAS experiments carried out on anode frozen at 0.7, 1.9 and 2.2V, corresponding to the 

main CV peaks. The operando XANES spectra were measured through synchrotron 

radiation. 

 

Results and discussion  

 

After 2 cycles the delivered capacity is halved (~700 mAh g-1), because of SEI’s 

formation and structural changes that taking place upon (de)lithiation. XAS point 

toward the fact that during the lithiation Cu(m), Co(m), Ni(m) and Li2O were formed. 

Furthermore, at Q>400 mAh g-1 the TM-HEO structure collapses. SEM-EDX analysis 

gives evidence of inhomogeneous cations distribution and segregation of the metals 

at the end of the charging process. The lithiation of TM-HEO induces a complex 

mechanism involving a two-stage process: the irreversible reduction of Cu2+, Co2+, and 

Ni2+ with Li2O formation and the conversion and subsequent reversible 

alloying/dealloying of Mg2+ and Zn2+ with lithium. The lack of long-range order 

demonstrated by XRD and the large degree of cation segregation demonstrated by 

EDX, both at the end of the lithiation cycle, support the conclusion of an evident degree 

of irreversibility. To experimentally prove the crucial role of both Mg and Zn in the 

electrochemical performances of the TM-HEO-based anodes, we investigated the 

cycling behavior of HEO-no Zn and HEO-no Mg: the comparison among the properties 

of (CoCuMgNiZn)O, (CoCuMgNi)O and (CoCuZnNi)O suggests that ZnO and specially MgO 

seems to be responsible for the specific capacity delivered. 
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Introduction 

 

Zinc-polyiodide Redox Flow Batteries (RFBs) have been proposed as an alternative to 

Vanadium RFBs thanks to the larger availability of active species, the higher solubility 

in water of active species and the higher theoretical potential. In this work, the issues 

of Zinc dendrite formation and reversibility of the redox couples are addressed with 

the use of a buffer solution which helps to stabilize the potential over cycling, 

drastically improving the device performance. 

 

Material and methods  

 

Ex-situ Cyclic Voltammetry (CV) at different scan rates is used to assess the 

reversibility of redox couples and the changes in diffusion coefficients provoked by the 

buffer. Long-term CV is used to investigate the stability of the electrolytes. Single cell 

studies are carried out on symmetrical cells containing in each compartment 1.5 M of 

ZnI2 and an acetate buffer (0.5 M CH3COO-/CH3COOH, pH 4.75). Results are compared to 

a battery using only 1.5 M ZnI2. Both batteries are tested for long term galvanostatic 

cyclability and Open Circuit Voltage (OCV) retention. 

 

Results and discussion  

 

Ex-situ experiments show an improvement in the Coulombic Efficiency (CE) and long-

term cyclability of both redox couples. The higher buffer to zinc ratio shows a decrease 

in stability due to the acidic attack of the deposited Zn layer. The acidic buffer also 

improves the CE of Zn2+/Zn and of I-/I3- redox couples. The diffusion coefficients 

increase slightly, and the best values are identified for the buffer to zinc ratio 1:3. An 

increase in the coulombic and voltage efficiency translates to a consistent 

improvement of cycling stability. OCV retention was also improved by the presence of 

the buffer. These results demonstrate that a small decrease in pH is preferable for the 

Zn-I system, without damaging the deposited zinc layer. Ex-situ experiments allowed 

to identify a correlation between the buffer to Zn ratio and the electrochemical 

performance, which translates to an improvement in the battery performance. This 

work was supported by the University of Padova. 
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Introduction 

 

Li-ion batteries (LIBs) are still facing many considerable challenges, containing 

durability, energy density, and cost, which deeply is dependent on the cathode 

materials. LiNi0.33Mn0.33Co0.33O2 (NMC333) has been considered as promising cathode 

due to high reversible capacity, low cost, and improved thermal stability. 

 

Material and methods  

 

In this study, two NMC (333) materials, pristine and Mg/Zr modified (labelled as p-NMC 

and m-NMC), were synthesized via a citric acid-assisted sol-gel method followed by 

heat treatment. Firstly, the structural and the electrochemical characteristics of the 

synthesized materials were evaluated. In a second step, we further investigate the 

electronic and ionic transport kinetics through the electrochemical impedance 

spectroscopy (EIS) study at different states of charge during oxidation and reduction. 

 

Results and discussion  

 

X-ray diffraction shows the typical NMC crystal structure for both samples. Scanning 

and Transmission Electron Microscopies evidence a much smaller particle size and the 

presence of a uniform coating layer with an optimal thickness for m-NMC. The 

charge/discharge profiles reveal that the initial discharge capacity of the p-NMC 

cathode at 2C in the voltage range between 3 V and 4.5 V is 159 mAh g−1, which is 

slightly higher than that of m-NMC (141 mAh g−1). However, the m-NMC material shows 

a better capacity retention, especially at charge cut-off voltage of 4.2 V (capacity 

retention of around 95% after more than 200 cycles). EIS exhibits that the phase 

transition is limited by modification. According to the results, NMC modified by doping 

and a very thin uniform coating layer, exhibit a better-organized layered structure and 

enhanced interfacial properties compared to the p-NMC. EIS shows positive effects of 

doping regarding better electronic properties and structural stability, and of coating 

regarding inhibition of the electrolyte decomposition. 
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Introduction 

 

Polymer electrolytes have attracted interest for next-generation LIBs in terms of high 

energy density and safety unlike liquid electrolytes that suffer from leakage and 

flammability. Quasi-Solid Polymer Electrolytes combine advantages of both liquid and 

solid components where liquid electrolyte is immobilized in a polymeric matrix. 

Capacity fading is a drawback linked to degradation and aging of cell components; a 

self-healing electrolyte based on hydrogen-bond UPy moieties can solve these 

problems. 

 

Material and methods  

 

The QSPE was prepared by direct UV photo-crosslinked of poly(ethyleglycol)diacrylic 

monomers in the presence of a liquid electrolyte and a UPy-based polymer. The QSPE 

have been tested in terms of thermal and mechanical stability (TGA-DSC, DMA), ionic 

conductivity at different temperatures and selfhealing ability (EIS), electrochemical 

stability window (LSV), Li+ transference number (BEV method) and galvanostatic 

cyclability as electrolyte in NMC cathode semicell. 

 

Results and discussion  

 

The temperature-dependent ionic conductivity follows the Arrhenius equation with a 

value exceeding 10-4 S/cm at room temperature. Conductivity measurements 

performed before and after an induced damage record a 93% recovery of the pristine 

value. QSPE presents an anodic breakdown voltage at 5.4V and the Li+ transference 

number equal to 0.57. It shows excellent resistance to dendrite formation for 120 

cycles in a Li/electrolyte/Li cell. Half-cell rate performance shows notable capacities 

(~150 mAh/g at C/2 and ~120 mAh/g at 1C) and a good long-term stability (~120 mAh/g 

at C/2 after 100 cycles). A self-healing, flexible and high potential stable quasi-solid 

polymer electrolyte was designed for LIBs. The production process is simple and 

versatile and the QSPE demonstrates mechanical integrity due to the cross-linked 

nature of the matrix. The self-healing capability is confirmed by the test before and 

after damage which shows a good recovery of the conductibility. The polymer 

electrolyte exhibits a dendrite growth-suppressing network structure and a good room 

temperature ionic conductivity, which leads to a significant cycling and a remarkable 

rate performance. In conclusion, the polymer electrolyte possesses superior ability to 

autonomous self-healing and to inhibit the dendrites growth, which makes it promising 

for next generation LIBs. 
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Introduction 

 

The pressing demand for long-lasting, high-power portable electronics and the 

emerging large-scale diffusion of electric vehicles (EVs) and energy storage from 

renewable sources require batteries improved energy density at reduced cost, along 

with enhanced cycle life and safety. Considering their intrinsic properties, polymer 

electrolytes are considered one of the most promising solutions among several solid-

state electrolyte possibilities. In this work we focus on the development of a specific 

family of solid-state polymer electrolytes namely polyanions. The novel single-ion 

conducting polymer electrolytes (SICPEs), demonstrated greatly enhanced 

performance towards the state of the art of solid-state systems in terms of mechanical 

properties and electrode compatibility. 

 

Material and methods  

 

Several polymerization techniques, including also controlled polymer chain growth 

(RAFT polymerization), were explored for the synthesis of different families of SICPEs. 

The novel solid-state polymer electrolytes were thoroughly characterized in terms of 

physico-chemical and electrochemical properties. 

 

Results and discussion  

 

The architecture, as well as the nature of the backbone chain, of the block copolymers 

drastically affect the properties and the electrochemical performance of the SICPEs, 

allowing great compatibility with high-voltage cathode (NMC) and improved 

mechanical properties. Phase separation coming from partial incompatibility between 

blocks have been deeply investigated as well. In the present work, we demonstrated 

that by the effective design and optimization of block copolymers structure it is 

possible to achieve several advantages from mechanical/morphological point of view: 

phase separation, truly solid-state, enhanced mechanical properties; and from the 

electrochemical one: single ion conducting features, high lithium ion transport, high 

electrochemical stability towards anodic potential, effective prevention of dendrite 

growth. 
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Introduction 

 
Nowadays, we are witnessing an energy transition and an increasing need for energy 

storage systems, such as batteries and supercapacitors. This urgent request must fit into a 

green economy context and meet sustainability requirements. For this purpose, we use 

agricultural waste to produce innovative carbon-based materials (biochars) as electrodes 

for supercapacitors (SCs)and anodes for lithium ion batteries (LIBs). 
 

Material and methods  
 

Biochars employed for this work have been obtained by pyrolisis of poultry litter and rice 

husk and underwent chemical activation with potassium hydroxide (KOH) via controlled 

thermal treatment under Ar flux. Morphological investigations have shown a huge increase 

in specific surface area and roughness due to the positive action of KOH, fundamental 
requirements for optimal SCs performance. SCs have been produced assembling two 

biochar electrodes supported on Ni-foams in a standard coin cell (CR-2032), separated by 

glass fiber soaked with the electrolyte. Different electrolytes have been tested, either 

aqueous such as H2SO4, KOH, Na2SO4 solutions in order to find those better matching the 
pore size of the carbon matrix. LIBs devices have been realized always working with coin 

cell CR-2032, testing a half-cell with an anode of pure lithium and a cathode made of the 

active material deposited on a copper sheet, separated by Celgard® soaked with LiPF61M in 
ethylene carbonate/diethyl carbonate 50/50 (v/v) as electrolyte. SCs devices have been 

tested with cyclic voltammetry at different voltage rates, in order to determine the specific 

capacitance and the electrochemical stability window, and galvanostatic charge/discharge 

measurements up to 5000 cycles to test the behavior upon cycling. LIBs have been 
electrochemically tested in order to obtain the specific capacity.   
 

Results and discussion  
 

We found that biochar-based supercapacitors show an almost ideal electrical double layer 

capacitance and electrochemical performance perfectly in accordance with those state-of-

the-art materials. In particular, biochar electrodes from poultry litter proved to be the most 

promising ones, showing a specific capacitance of about 229 F/g. Preliminary results of 

biochar from rice husk pyrolisis investigated as LIB electrodes has shown a stable and 

reversible capacity of above 100 mAh/g at C/50, proving to be efficient and promising 

material for this purpose.  The performance obtained on Li-ion half cells and SCs are rather 
promising, disclosing to direct applications of a novel class of cheap and largely available 

waste carbon materials in the energy storage field, through the manufacturing of “all 

green” energy storage devices. 
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Introduction 

 

In the context of energy storage devices, graphene-based supercapacitors (SCs) are 

gaining a growing attention, thanks to their high performances combined with 

sustainability. Nevertheless, the high cost of graphene synthesis is strongly limiting its 

applications. Moreover, to meet the size limitation of portable electronics suitable for 

IoT applications, it is necessary to achieve flexible and light SCs. The thermal 

conversion of polyimide by means of industrial CO2 laser is an effective method to 

produce cost-effective graphene materials, matching the flexibility and 

miniaturization requests. This work deals with a systematic study of flexible 

interdigitated micro-SCs working with laser induced graphene-based electrodes, 

starting from commercial polyimide (Kapton®). 

 

Material and methods  

 

The graphene samples were synthetized through the laser thermal-conversion of a 

polyimide foil, both pristine and coated by titanium hydroxide film, which, during the 

laser treatment, is converted into TiO2 particles. In order to build supercapacitors, 

graphene was scribed in an interdigitated design. The graphene material has been 

morphologically characterized with scanning electron microscopy (SEM), X-ray powder 

diffraction and UV-VIS Raman spectroscopy. UV-VIS spectrophotometry experiment 

was performed to evaluate the specific surface area (SSA) through the blue-methilene 

absorption technique. The sheet resistance of the samples was evaluated through a 4-

probe DC conductivity experiment. Flexible micro-SCs were build contacting graphene-

based electrodes with a silver paste and a copper tape. Then, graphene-based 

interdigitated electrodes were covered by an hydrogel electrolyte. The devices were 

electrochemically characterized by mean of two-electrodes cyclic voltammetry (CV), 

galvanostatic chronopotentiometry and electrochemical impedance spectroscopy. 

 

Results and discussion  
 
A difference of conversion between the zone at the center of the laser spot and its 

borderline was revealed through the SEM analysis. The SSA was evaluated about 200 m2/g 

and the mean sheet resistance resulted with a minimum value of 13 Ω/sq. The UV-VIS 

Raman spectroscopy revealed the presence of rutile and anatase domains in the samples 
decorated with TiO2. Both SCs, with and without TiO2 decorations, characterized in CV were 

electrochemically stable in the 1V voltage window. Moreover, the presence of TiO2 

decoration enhanced the capacitance of SCs and improved the capacitance retention. We 

successfully decorated in a one-pot thermal-conversion both polyimide and titanium 
hydroxide into graphene and titanium oxide. Graphene showed an high SSA and a good 

conductivity resulting a remarkable candidate for Scs applications. The presence of TiO2, 

introducing fast redox reactions, enhances the overall performance of the devices without 
affecting its electrochemical stability. 
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Introduction 

 

Multivalent metal batteries can theoretically offer larger specific energy values with 

respect to monovalent alkali systems (e.g., Na). Indeed, they can exploit all the multi-

electron redox reactions which are taking place during the operation of a battery. In 

this regard, calcium is an interesting option due to its intrinsic electrochemical 

properties and abundance in the Earth’s crust. The main bottleneck in this technology 

is the development of suitable electrolytes able to ensure the Ca2+ ion conduction. 

 

Material and methods 

 

A family of solid polymer electrolytes (SPEs) is developed, using polyoxyethylene (POE) 

as hosting matrix, in which different amounts of three calcium salts (i.e., CaTFSI2, CaTf2 

and CaI2) are selectively dissolved. The thermomechanical properties of these materials 

are investigated by means of TGA, DSC and DMTA analyses, and results are combined 

with broadband electrical spectroscopy studies in order to unveil the conductivity 

mechanism occurring in these SPEs. 

 

Results and discussion 

 

This study demonstrates the role of the anion (X-) in the formation and dissociation of 

Ca2+-POE coordination interactions, which strongly affects the long-range charge 

migration processes. It is revealed that the conductivity mechanism occurring along 

the different percolation pathways of SPEs systems is activated by the polymer host 

matrix dynamics and is influenced by the temperature and the X- nature. Indeed, it is 

demonstrated that X- anions are able to induce the formation of “dynamic crosslinks”, 

whose density and strength is modulated by their different steric hindrance and 

charge distribution. Concluding, this work paves the way towards the understanding of 

Ca2+ conduction in POEbased electrolytes. 
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Introduction 

 
Commercially available lithium ion batteries (LIBs) show limitations for future large-scale 

applications, due to still low energy density, safety, slow charge/discharge rate and limited 

cycle-life. Battery recycling is also still an open problem, mostly bound to the use of toxic 

heavy metals. Research on new green and efficient electrode materials is hence essential to 

solve these issues. TiO2 is an abundant, low-cost and environmentally friendly electrode 
material, attractive for large scale energy-storage. Here, novel gram-scale graphene-based 

electrodes decorated with titanium dioxide (TiO2) anatase were investigated as anodes for 

LIBs. 

 

Material and methods  

 
Graphene employed for this work was obtained in large (grams) scale, through a thermal 
exfoliation of graphite oxide under dynamic vacuum, and is referred as TEGO (Thermally 

Exfoliated Graphite Oxide). We managed to decorate TEGO with TiO2 anatase nanocrystals 

via a novel facile solvothermal synthesis employing titanium tetraisopropoxide as TiO2 

precursor. Different stoichiometries of TiO2:TEGO have been synthesized and characterized 
with powder XRD, Raman and TEM; the electrochemical behavior was studied in half-cell 

configuration (CR2032 coin cells) via galvanostatic chronopotentiometry. The structural 

evolution of TiO2 nanocrystals was followed by means of operando synchrotron powder X-

ray diffraction. 

 

Results and discussion  

 
We found that graphene plays an important role, both as a substrate, favouring the almost 

pure TiO2 anatase nanocrystal growth, and as an efficient charge collector, thanks to its 

high electrical conductivity, contrasting the insulating nature of TiO2 and thus improving 

specific capacity of the electrode. In particular, electrodes with 99:1 TiO2:TEGO composition 
proved to be the most promising ones, showing a stable and reversible capacity of above 

180 mAh/g at C/5 and high charge/discharge capability. TiO2 anatase is the most promising 

polymorph for Li intercalation, with maximum Li uptake transforming to Li0.5TiO2, 

corresponding to 168 mAh/g. The main issue concerning its use as active materials in LIBs 
electrodes is the low electrical conductivity, which limits fast Li diffusion. Use of porous 

graphene as a conducting scaffold for growing small TiO2 anatase nanoparticles allows, on 

the one hand, to reduce the active material grain dimensions, thus decreasing the mean 

free path of Li ions inserting into material; on the other hand, to efficient collect the 
electrons exchanged during the redox intercalation reaction. The performance obtained on 

Li-ion half cells are rather promising, even overcoming the theoretical TiO2 capacity for the 

99:1 TiO2:TEGO composition and, thanks to the favourable working potential, such 
electrode materials open towards novel environment-friendly Li-ion batteries. 
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Introduction 

 

Large scale energy storage systems are becoming fundamental for the modern society, 

in order to take major advantage from renewable energy sources, such as wind and 

solar light. In this respect, s secondary sodium-based batteries may represent the key 

technology since they possess high energy density, low cost, simple design and 

easiness in maintenance. Nevertheless, current materials and processes are not in line 

with a truly sustainable point of view. 

 

Material and methods  

 

TM-HEO was synthesized by a solid-state reaction and the resulting anode was 

characterized through electrochemical measurements cycled between 0.01V-3V at 

different C-rate. Structural investigations were performed by SEM-EDX analysis and 

XAS experiments carried out on anode frozen at 0.7, 1.9 and 2.2V, corresponding to the 

main CV peaks. The operando XANES spectra were measured through synchrotron 

radiation. 

 

Results and discussion  

 

Here we offer an overview of our recent developments on ionic liquid based 

electrolytes for solid state sodium ion batteries, enabling the use of both innovative 

high voltage cathodes and layered anodes. Ionic liquids are taken into account for 

multiple reasons, such as safety, high stability, wide electrochemical window, low cost. 

Cathodes and anodes were tested versus sodium in lab scale Na metal cells assembled 

with the different IL based electrolyte formulations. Most materials exhibited 

good specific capacity, which at times exceeded the values obtained with standard 

electrolytes. They showed also a wide electrochemical stability window, in some cases 

up to 4.5 V vs. Na+/Na even at ambient conditions, which ensure safe operation The 

stability was confirmed through prolonged cycling test s, which exceeded hundreds of 

hours of continuo us operation. Ionic liquids showed promising performances as 

potential electrolytes for Na based batteries. Their great advantage is represented by 

the wide electrochemical window in which they can be utilized without degradation. 

The combination with proper high voltage cathodes and anodes could lead to the 

optimal design of high energy density, safe sodium ion secondary batteries, and in 

addition they may allow the possibility to build solid state system, avoiding the use of 

easily flammable and hazardous solvents. 
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Introduction 

 

Rechargeable Li-ion batteries are nowadays among the most attractive technologies 

for electrochemical energy storage and are the most suitable candidates for powering 

full-electric vehicles. However, high-energy-density materials are needed to ensure 

fast charging and good driving range. Alternative materials with higher performance 

than the state of the art and a lower environmental impact have been extensively 

studied, and Si-based composites emerged as anode materials to be employed for 

high-energy density applications. 

 

Material and methods  

 

The present work proposes the study of a Si/C composite combining the use of a 

biomass-derived hard carbon and a green crosslinked binder to sustain the volume 

changes upon cycling even with a high Si content in the electrode (30%). Structural and 

morphological characterizations are performed through Raman spectroscopy, X-Ray 

diffraction and Scanning Electron Microscopy. Electrochemical characterization 

involves galvanostatic cycling, cyclic voltammetry, rate capability tests and 

electrochemical impedance spectroscopy, to assess performance and stability of the 

material and evaluate the interfacial stability upon cycling. The cycling performance is 

compared to a Si/Graphite composite fabricated as benchmark anode. 

 

Results and discussion  

 

The structural and morphological analyses performed on the hard carbon show the 

presence of structural defects, with an ID/IG ratio of 1.004 (Raman), and the typical 

structure of amorphous carbons (XRD), as well as a block morphology of coarse 

particles composed of aggregated nanoparticles (SEM). The electrochemical 

characterization shows a high capacity of 800 mAh/g upon cycling and good stability at 

high rates. The interfacial resistances are relatively low and stable over prolonged 

cycling. The material displays quite high specific capacities at high current rates, with 

very good cycling stability and low polarization effects upon stressing conditions. This 

is due to the combined action of the crosslinked binder and the carbon matrix, which 

show better performance and stability compared to commercial graphite and other 

non-crosslinked binders, meaning the volume expansion of silicon is effectively 

buffered. Moreover, the study of the interfacial behavior shows a stable SEI formation, 

with resistance values remaining constant after the first cycle, and a good reversibility 

of the processes upon cycling. Considering the high Si content in the electrode and the 

results obtained in the present work, this composite anode is expected to be suitable 

for further tests and optimizations towards practical applications. 
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Introduction 

 

Iron oxide-base anodes are certainly good candidate anode materials for NIBs thanks 

to their low toxicity, low cost and earth abundancy. However, several issues must be 

faced to make them suitable for real application e.g., the remarkable structural change 

and volume expansion which can lead to the electrode pulverization and eventually 

capacity decay. 

 

Material and methods  

 

PAA (m.w. 450000 g/mol), FeCl2 ∙ 4H2O, FeCl3 ∙ 6H2O, PC, DMC, NaClO4, N2H4, NH4OH, EC 

Graphene oxide (C:O ratio of 5:4.3) were used as received. Fe3O4 nanoparticles have 

been synthesized by a coprecipitation method. The composite Fe3O4/rGO have been 

synthesized by embedding Fe3O4 nanoparticles into GO via a sonochemical route. 

Structural and morphological characterization involved SEM, XRD, and Raman 

scattering. Electrochemical characterization involved GCPL, CV, rate capability, PEIS, 

and Ex-situ Raman scattering. 

 

Results and discussion  

 

Structural and morphological characterization highlights Fe3O4 nanoparticles having a 

dimension of ≈ 5nm, and their effective embedding into the carbonaceous matrix. 

Electrochemical characterization revealed a high specific capacity of 300 mAh g-1 at I = 

1000 mA g-1, retained to 113 mAh g-1 at I = 5 A g-1. CV at different scan rates proved a 

linear relationship between I and ν1/2 and a b-value between 0.5 < b < 1. A further 

interface modelled by an RQ parallel have been found with PEIS. The A1g peak of Fe3O4 

reversibly changes according to the sodiation degree. The small Fe3O4 particles size 

coupled to the electronic conductivity and mechanical resistance of rGO reflect in a 

high stability upon cycling as well as a high-rate capability. A redox-pseoudcapacitive 

behavior i.e., near-surface adsorption of ionic species concurrent with a faradaic 

process was proved by CV at different scan rates. The extra interphase layer found by 

PEIS could be a large Na2O layer which acts as a transport barrier, thus limiting the 

specific capacity. As demonstrated by Ex-situ Raman scattering, the conversion 

reaction is reversible and a small quantity of Fe3O4 did not participate to the charge-

storage reaction. 
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Introduction 

 

The all-solid-state batteries using solid electrolytes are excellent candidates for the 

next generation of commercial devices for energy storage. Among these, the 

perovskite-type family of Li-ion conducting oxides Li3xLa2/3−xTiO3 (LLTO) is one of the 

most studied and it is shown as the most promising option for solid electrolytes 

because of its high bulk conductivity (10−3 S/cm), negligible electronic conductivity high 

stability, wide electrochemical window (> 4 V) and easy preparation. However, there are 

still many challenges to be solved. Here, we have focused on a particular case of 

aliovalent substitution of B-site of LLTO perovskite, La1/2+1/2xLi1/2-1/2xTi1-xAlxO3 (0 ≤ x ≤ 1) 

where we will analyze the influence of vacancy distribution on percolative phenomena. 

Indeed, the aim is to study the correlation between structural features, determined by 

HRTEM/STEM, and relaxation phenomena characterizing the electric response of these 

perovskites by means of the broadband electric spectroscopy (BES). To better elucidate 

the interplay between these results, Density Functional Theory and dynamic molecular 

modelling simulations studies are carried out. 

 

Results and discussion  

 

Taking all together, it is shown that the charge migration processes occurring along the 

different conductivity pathways for Li+ long range migration phenomena are very 

effective when in these perovskites: a) a sufficient density of charge carriers is present; 

and b) in the Ti4+ based BO6 backbone octahedra, Al3+ ions acts as a defect, thus 

enhancing the dynamics characterizing their relaxation modes. This latter effect is 

obviously dependent on the existence of an efficient coupling between the host 

medium relaxations of the inorganic network and the relaxation events characterizing 

the long range migration processes of lithium conductivity pathways. In conclusion, 

this study permits to shed light precisely into the conduction mechanism in 

Li3xLa2/3−xTiO3–type perovskites. 
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Introduction 

 
Nowadays, conventional Lithium-ion batteries (LIBs) are considered a mature technology, 
but they still suffer from several limiting factors mainly related to the use of organic 

carbonate based liquid electrolytes. In this scenario, solid-state electrolytes (SSEs) aim to 

overcome safety issues, to decrease the package volume and to increase the energy 

density. Among different SSEs, polymer electrolytes comprising room-temperature ionic 
liquids (RTILs) are one of the most attractive choice to reach ionic conductivity values 

comparable to those of liquid electrolytes, ensuring better safety and electrode/electrolyte 

interface stability. 

 

Material and methods 

 
Several gel-polymer electrolyte samples were prepared by mixing bisphenol A ethoxylate 
dimethacrylate (BEMA) and poly(ethylene glycol) methyl ether methacrylate (PEGMA) as 

polymer matrix, RTILs (PYR14FSI or EMIFSI) as plasticizer and LiTFSI salt. Free radical 

polymerization trigged by UV light was exploited to obtain ready to use and self-standing 

crosslinked polymer membrane. Indeed, in-situ UV-induced polymerization was used to get 
solvent-free, thin electrolyte membranes (100μm thickness) directly on the top of the 

electrode, along with excellent electrolyte/electrode interfacial contact. The resulting 

solid-state membranes were thoroughly characterized from the electrochemical point of 

view, meanwhile, lithium metal lab-scale cells have been assembled for galvanostatic 
cycling measurements with lithium nickel manganese cobalt oxide (NMC) as cathode 

(2mg/cm2 average mass loading). 

 

Results and discussion  

 
The resulting self-standing and transparent polymer electrolytes exhibit relatively high 

ionic conductivities (ranging from 0.5mS/cm to 3mS/cm at ambient temperature) with 
different RTILs and/or salt contents. Linear sweep voltammetry measurement results 

showed high resistance towards anodic oxidation (up to 4.5V for pyrrolidinium-based 

systems and 5V for imidazolium-based systems) as well as stable lithium plating/stripping 

at the cathode side. The lithium metal lab-scale cell with NMC cathode displayed specific 

discharge capacity above 180mAh/g at C/40 at room temperature. Lab-scale lithium metal 

cells assembled with methacrylate-based ion-gel samples demonstrated good 

performance in terms of ionic conductivity, electrochemical stability window, and specific 

capacity. The current study results confirmed the benefits of using photoirradiation and in-
situ preparation approaches. POLYSTORAGE-ETN project which has received funding from 

the European Union’s Horizon 2020 research and innovation programme under the Marie 

Skłodowska-Curie grant agreement No 860403. 
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Introduction 

 

Additive Manufacturing (AM) technology offers a great opportunity for the production 

of net shape, complex, engineering components. It is a solid production technology in 

the sector such as aerospace, automotive and biomedical. There has recently been a 

great deal of interest in producing both soft and hard magnetic materials using this 

technology. 

 

Material and methods  

 

The work carried out is based on the study of soft magnetic materials produced by 

additive manufacturing. In particular, laser powder bed fusion (LPBF) technology was 

used to produce FeSi2.9 components. The FeSi alloy family is a new generation of 

materials for LPBF, where processability should be assessed in terms of defect 

formation. Cubical samples were produced initially to identify the most appropriate 

parameters for correct densification, which should allow adequate electro-magnetic 

performance. Subsequently, toroids were made to characterize the material 

magnetically and derive the hysteresis cycle. 

 

Results and discussion  

 

This technology is also promising in the electrical engineering sector, and the results of 

the analyses carried out confirm this. However, as with traditional technologies, the 

produced components must be subjected to surface and heat treatments to improve 

their properties. Future studies will focus on the characterization of AM processes in 

relation to the obtained microstructure. This will allow us to understand how the 

structure evolves during the AM process and thus be able to create new geometries 

with better properties. AM is still in the initial phase for the production of magnetic 

components, which is why more studies need to be carried out on the materials, on the 

LPBF parameters of the machine, on the build direction, on the post-production heat 

treatments. However, for research, two possible applications have been tried. First, a 

rectangular screen was made for magnetic fields, then a plug for an electromagnet to 

compare the performance of these materials with the same products using traditional 

techniques. The application of the magnetic field shield was very useful as the material 

behaves well for static magnetic fields, while for variable magnetic fields a decrease in 

performance was noted due to various losses such as eddy current. For this reason, it 

will be necessary to think of suitable geometries to reduce the losses for eddy current 

but at the same time slightly reduce the fill factor. As for the electromagnet plug, this is 

still under study. 
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Introduction 

 
Additive manufacturing (AM) is an innovative production method for highly customized 

production, stock minimization and components weight reduction. Definition of process 

parameters through design of experiment is fundamental for producing dense samples, 
controlling phase formation, microstructural features and mechanical properties. This work 

aimed at: 1) understanding the solidification mechanism by comparing structural and 

microstructural properties of samples obtained at very different cooling rates, 2) 

evaluating residual stresses in samples prepared by AM. 

 

Material and methods  

 
Samples of AlSi10Mg were prepared by the following techniques in order to span a wide 

range of cooling rates: Selective Laser Melting (SLM), melt spinning (MS) and Copper Mold 

Casting (CMC). Structural, microstructural and thermal analysis were performed by X-ray 

diffraction (XRD), scanning electron microscopy, and differential scanning calorimetry (DSC), 
respectively. Thermodynamic calculations of Al-Si system were computed by CALPHAD. 

 

Results and discussion  

 
The microstructure becomes progressively more refined from MS ribbons to SLM parts, 

which are entirely made of cells or columns of primary Al and fibrous eutectic, with respect 

to CMC samples. Together with the change of eutectic morphology, an increase in eutectic 
fraction is found in the order SLM ~MS < CMC < master alloy. The decrement of the Al lattice 

parameter when changing processing technique (master alloy or annealed samples > MS > 

CMC > SLM) gives a measure of the extension of the solid solubility of Si in the primary 

phase. DSC analyses provided evidence of precipitation of excess solutes. XRD stress 
measurements on the lateral faces of as built AM cuboids showed different stress levels on 

Al depending on the measurement direction with respect to the building direction and the 

scanning strategy. After thermal treatment the level of residual stress decreased, as 

expected.The ensemble of results on eutectic fraction and solubility extension are 

interpreted by applying a model of cellular/dendritic solidification, implying the progressive 

narrowing of the distance between liquidus and solidus lines in the phase diagram as a 

function of solidification front velocity. Metastable phase diagrams for front velocities in 
between 0.5 and 1 m/s reproduce the experimental eutectic fractions. Thermodynamic 

analysis confirmed that the released enthalpy in DSC measurements corresponds to 

different supersaturation levels in samples produced by different processes, indicating 

that DSC is a potential tool for evaluating the reproducibility of AM Al-Si parts, due to its 
sensitivity to local supersaturation levels. XRD stress measurements were discussed in the 

framework of Williamson-Hall and Eshelby models. 
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Introduction 

 

Thermoset resins are widely used in the aerospace, naval and automotive fields 

because of their outstanding thermomechanical properties, high durability and 

weathering resistance. The raising concerns about end-of-life treatment can be a 

serious limiting factor for future uses of these materials. Recycling of thermosets is 

currently limited to land filling and incineration or pyrolysis. In this work we present 

the results of the research carried out in the PON project Thalassa developing green 

composites displaying full recyclability. 

 

Material and methods  

 

Epoxy resins derived from pine oil and paper by product were used in the first instance. 

The curing agents from Connora Technologies (now . Aditya Birla Chemicals) were 

selected. The resins and composites were thoroughly characterized by dma, tensile and 

flexural testing, dsc and sem. The cured systems were then recycled within a heated 

bath containing an acidic water solution. The recycled matrix was reprocessed and 

characterized. 

 

Results and discussion  

 

The epoxy resins were cured using a two steps cycle with a first curing at room 

temperature for 24 h followed by a post curing at 120 °C for 3 h. This cure cycle let to 

achieve glass transition temperatures (Tg) in the range of 100 °C. Lower Tgs were 

obtained for blends modified with epoxized flour which showed. All the epoxy 

formulations were recycled, after curing, using an acqueos solution with 25vol% 

content of acetic acid at 80 °C. The recover yield ranged from 85% to 90% depending 

on the starting formulation used. The obtained oligomers were processed as obtained 

or after a further polymerization reaction. The as obtained oligomers showed Tgs in the 

range of 69 °C with good tensile and flexural resistance. The results confirmed that bio-

based epoxy formulations suitable as matrix for composites can be derived from 

sustainable resources. The presence of multiple reactive groups on the recovered 

oligomer deriving from the chemical cleavage of the cured epoxy network was 

demonstrated to be advantageous for producing optimized recycled polymers thus 

paving the way for a truly circular use of thermosets. 
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Introduction 

 

The use of materials capable of transforming over time under the application of an 

external stimulus, such as shape memory polymers (SMPs), allows to go further the 

traditional static nature of additive manufacturing, paving the way to the so-called 

four-dimensional printing. In this work, we report the development of novel 

photocurable SMPs to be integrated in the fabrication of a smart thermoresponsive 

device by means of digital light processing (DLP). 

 

Material and methods  

 

2-Hydroxyethyl methacrylate and poly(ethylene)glycol methyl ether methacrylate 

were purchased from Sigma Aldrich and used as photocurable specie, while a 

bisacylphosphaneoxide derivative was synthetized exploiting cyclodextrins as 

platform and used as an all-in-one multifunctional photoinitiator (MFPI) and 

photocrosslinking agent. The photoreactivity of the system was monitored via real 

time photorheology, while the properties of the cured thermosets were investigated 

by means of gel content measurements, infrared spectroscopy (IR), thermo-mechanical 

(DMTA) analyses, and the shape memory behavior was assessed. A smart device was 

designed using a CAD software and fabricated with a commercial DLP-printer. 

 

Results and discussion  

 

Photorheology proved the high reactivity of the photocurable system and the high gel 

contents confirmed the efficiency of the MFPI to serve as crosslinking agent making 

unnecessary the use of any additional multiunsaturated monomers/oligomers. DMTAs 

revealed the excellent thermally triggered shape memory properties of the cured 

PHEMA-co-PEGMEMA polymers (both strain fixity and strain recovery near 99%). 

Remarkably, the themodinamically unfavored temporary configurations are stabilized 

by thermoreversibly associating groups able to form a supramolecular H-bonding 

network below the Tg. Moreover, the versatility of the system gives the opportunity to 

design ex-ante the shape memory response, since the Tg can be tuned by varying the 

concentration of the two photopolymerizable methacrylates and the resulting density 

of H-bonds, as evidenced by IR analyses. Finally, these SMPs were successfully 

employed for the development of a thermoresponsive device which is capable of 

diverting an air-flow depending on the temperature of the inlet airstream. 
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Introduction 

 

In the last few years the merging of polymer science with supramolecular chemistry 

has created a new, thriving field of research,[1] known under the name of 

supramolecular polymer chemistry.[2] The driving force behind this methodological 

breakthrough is the ability to control non-covalent interactions with the same 

precision achieved by synthetic organic chemistry. The positive fallout of this merging 

is demonstrated by the appearance of supramolecular polymers presenting unique 

mechanical, electronic, biological and self-healing properties.[1] Stimuli responsive 

polymers represent one of the most challenging endeavors for this research field, due 

to the inherent complexity to obtain specific responsiveness to external stimuli at the 

material level. Molecular recognition is the most sophisticated form of weak 

interaction in terms of precise responsiveness, since it requires a well-defined 

arrangement of complementary non-covalent interactions to operate at its best. 

Macrocyclic receptors, like cucurbiturils (CB[n]) and cavitands are particularly suited for 

the fine tuning of weak interactions due to their synthetic modularity and multiple 

binding modes. 

 

Results and discussion  

 

Using the general approach described above we have developed two new stimuli 

responsive polymeric materials: a) Self-diagnostic carbon fiber-epoxy composites.[3] 

Early stage damage detection in a carbon fiber reinforced composite is obtained by 

incorporating supramolecular cross-links within the matrix. CB[8] encapsulates two 

molecules in the matrix, a fluorophore and a quencher forming a ternary complex 

wherein the emission of the probe is suppressed. Under the application of stress, the 

weak supramolecular links within the matrix break apart, and the fluorescence of the 

probe is reinstated, assisting in the visualization of microscopic damage in the 

composite material. In addition to tensile and compressive stress, the system shows 

the ability to detect fatigue damage; b) Reusable cavitand-based electrospun 

membranes for the removal of polycyclic aromatic hydrocarbons (PAH) from water.[4] A 

highly efficient, regenerable membrane for the removal of PAHs from water, featuring 

excellent filter performance and pH-driven release, thanks to the integration of a 

cavitand receptor in electrospun polyacrylonitrile fibers will be reported. The role of 

the cavitand receptor is to act as molecular gripper for the uptake/release of PAHs. The 

regeneration of the membrane is obtained via the acid-driven opening of the cavitand 

to release the adsorbed PAHs, followed by the cavity restoration under basic 

conditions. 

 
[1] T. Aida, E. W. Meijer, S. I. Stupp Science 2012, 335, 813. 

[2] A. Harada, Supramolecular Polymer Chemistry, Wiley-VCH, Weinheim, 2012. 

[3] A. Devi Das, G. Mannoni, A. Früh, D. Orsi, R. Pinalli, E. Dalcanale, E. ACS Appl. Polym. Mater. 2019, 1, 2990. 

[4] M. Amorini, N. Riboni, L. Pesenti, V. A. Dini, A. Pedrini, C. Massera, C. Gualandi, F. Bianchi, R. Pinalli, E. Dalcanale Small 

under revision 
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Introduction 

 
Polyxydroxyalkanoates (PHA) are a family of linear optically active semi-crystalline 
polyesters produced by bacterial fermentation, known for their overall sustainability, 

including biodegradability and biocompatibility. PHA are also characterized by 

thermoplasticity and good mechanical properties, comparable to those of commercially 

relevant standard polymers. The gas transport properties of these materials are still 
scarcely characterized experimentally, and their determination is complicated by a number 

of uncertainty sources, such as a time-dependent degree of crystallinity. In this study we 

aim at evaluating the physicochemical and transport properties of such materials with 

molecular simulations, to gain information about their applicability in the membrane gas 
separation field. 

 

Material and methods  

 
In order to draw correlation between the molecular structure and the performance of these 

materials, three homopolymers and two copolymers of the PHA family were considered: 

 

• poly(3-hydroxybutyrate) (P3HB); 

• poly(3-hydroxyvalerate) (P3HV); 

• poly(4-hydroxybutyrate) (P4HB); 

• poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV); 

• poly(3-hydroxybutyrate-co-4-hydroxybutyrate) (PHBB). 
 

PHBV with 8% of 3-hydroxyvalerate monomers purchased from Merck-Sigma. 

Molecular models of each material were simulated using Molecular Dynamics (MD). 

 

Results and discussion  

 
Simulated density and solubility parameter values were successfully validated with 

experimental data found in literature. The simulated values of radius of gyration, accessible 

free volume, density, cohesive energy and elastic modulus in the different copolymers 

were correlated to their chemical composition. Sorption and diffusion in the polymers were 

then analysed for two gases, CH4 and CO2, by means of Widom insertion method and MD 
simulations. The results were compared with experimental values, obtained through 

sorption tests at different temperatures, performed on PHBV with 8% of 3-

hydroxyvalerate monomers.The model and force field used allows to successfully 

represent the gas transport data in biodegradable polymer membranes, allowing to 
evaluate a new range of alternative sustainable materials for gas separation processes 

through membranes. 
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Introduction 

 

Ceramic Matrix Composites based on SiC fibers embedded in a SiC matrix (SiC/SiC CMCs) 

are regarded as the new materials of choice for the hot-section components of gas 

turbine aircraft engines, since they have one third density of metallic superalloys, 

higher temperature capability (about +200°C), good mechanical strength and excellent 

thermal shock resistance. These properties can be used to design aircraft engines able 

to meet more severe environmental, technical and economic requirements: emissions 

reduction, engine thrust increase and thermodynamic efficiency improvement. 

However, SiC/SiC CMCs are sensitive to high temperature water vapor-rich combustion 

gasses that induce severe surface recession phenomena and ultimately lead to the 

component failure. For this reason, it is necessary to design a protective coating able to 

efficiently protect the surface of SiC/SiC gas turbine components in combustion 

environments. Such a system, known as Environmental Barrier Coating (EBC), is 

conceived as a multi-functional system having architecture and composition 

arrangements designed to join thermal protection to environmental and chemical 

stability. 

 

Material and methods  

 

Rare Earth monosilicates (RE2SiO5) and Rare Earth disilicates (RE2Si2O7) were selected for 

the EBC system: monosilicates are more stable when exposed to water vapor at high 

temperatures while disilicates exhibit a higher compliance with the substrate in terms 

of coefficient of thermal expansion (CTE) but a lower resistance to water vapor attack. 

The architecture of the coatings was designed in order to optimize the properties of 

the multilayer system. EBCs were processed using the Atmospheric Plasma Spray (APS) 

technique and the deposition parameters were optimized by analyzing the coatings 

microstructure in terms of porosity, presence of cracks and post deposition phases 

retention. Then, as-sprayed coatings were thermally aged at 1300°C, 1400°C and 

1500°C for 40h to investigate the phase stability and the effect of heat treatment on 

coating microstructure. 

 

Results and discussion  

 

Deposition parameters significantly affect the microstructure, composition and 

crystalline phase of coatings. Although coatings manufactured showed some defects 

like pores, microcracks and through-the-thickness cracks that vary together with 

process parameters, results obtained are promising. After thermal treatments coatings 

show an interesting crack healing phenomenon that leads to a significant improvement 

of their microstructure. 
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Introduction 

 

Polymer composites have recently attracted increasing attention also because they are 

suitable to produce multifunctional structures. An interesting non-structural feature 

that could be added to a structural composite is the thermal energy storage (TES) 

capability, i.e. the ability to store heat that can be released where and when needed. 

Latent heat TES is mostly performed through organic phase change materials (PCMs), 

such as paraffins, which store a considerable amount of heat at a nearly constant 

temperature. This work aims at developing unidirectional composites containing 

paraffin microcapsules (MC) for thermal management applications. 

 

Material and methods  

 

The epoxy base and the hardener (Elantas Europe Srl, Italy) were mixed at room 

temperature and magnetically stirred. Paraffin microcapsules (Microtek Laboratories, 

USA) were then added at different concentrations (from 20 wt% up to 40 wt%), and the 

resulting mixtures were used as matrices to prepare laminates via a wet lay-up 

technique. Carbon fiber plies (Mike Compositi, Italy) were stacked together, and the 

resulting unidirectional laminates were then vacuum-bagged and left to cure. The 

microstructural and thermo-mechanical properties of the prepared composites were 

investigated. 

 

Results and discussion  

 

The viscosity of the epoxy/MC mixtures increased with the MC content, thereby 

increasing the final matrix concentration and reducing that of the fibers. This caused a 

decrease in mechanical properties of the laminates with high MC concentration, but 

the application of theoretical models showed that this decrease was mainly related to 

the lower fiber volume fraction. Microcapsules were preferentially distributed in the 

interlaminar zone, leading to a decrease in matrix-related properties, such as the 

interlaminar shear strength (up to 70%). However, a limited MC concentration caused 

an increase in the mode I interlaminar fracture toughness of 48%, due to the 

introduction of new toughening mechanisms. On the other hand, an excessive MC 

content let the crack propagating through the matrix and not at the fiber/matrix 

interface, thereby reducing the toughening mechanism provided by fiber bridging. For 

the thermal properties, the phase change enthalpy increased with the MC fraction up 

to 48.7 J/g, and this was reflected in better thermal management performance, as 

proven by thermal imaging tests. 
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Introduction 

 

Metal Fused Filament Fabrication (MFFF) is an emerging multi-step additive 

manufacturing process that uses a metal – polymer filament as a feedstock to build the 

final part layer-by-layer. After deposition, debinding and then sintering processes are 

required. The work deals with the modification of corrosion behaviour of a nickel alloy 

625 manufactured by means of MFFF in comparison with a traditional hot worked 

alloy. The surface texture, alloy microstructure and the typical metallurgical defects 

induced by the manufacturing are also assessed to explain the unique microstructural 

features affecting the corrosion morphologies. 

 

Material and methods  

 

MFFF Alloy 625 specimens were manufactured by using Markforged Metal X printer. 

The surface features were evaluated by optical confocal microscopy. The 

microstructure was studied at different depth to study the porosity distribution as well 

as the inclusions along the building direction. The observations were performed by 

using a digital optical microscope and a scanning electron microscope with EDS. 

Intergranular corrosion tests according to ASTM G28 standard and potentiodynamic 

tests in deaerated chloride solutions and sulphuric acid (ASTM G5 standard) were 

performed. 

 

Results and discussion  

 

MFFF specimens showed unique surface features strictly related to the manufacturing 

process parameters. The microstructure comprises equiaxial austenite grains coarser 

than hot rolled alloy 625. In addition, higher porosity, and amount of second phases 

and precipitates was noticed alongside with almost continuous patterns due to 

incomplete densification of the green part during the sintering process. Penetrating 

intergranular corrosion attack was noticed with a depth limited to 50 micrometres. The 

localized corrosion test in neutral NaCl 0.6 M solution showed passive behaviour over a 

wide range of potentials, however, crevice corrosion was detected in acidified NaCl 0.6 

M solution at pH 3. MFFF specimens showed defects of different nature alongside with 

coarse microstructure which significantly modify both localised and selective corrosion 

resistance of the alloy, with attack morphologies that are strictly dependent upon the 

alloy microstructural features, thus denoting that processing parameters could 

strongly affect the material behaviour. 
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Introduction 

 

Poly(butylene adipate-co-terephthalate), PBAT, is a synthetic and 100% biodegradable 

polymer based on fossil resources, with high elongation at break and high flexibility. 

These properties are comparable to those exhibited by low-density polyethylene, 

making PBAT a very promising biodegradable material that could replace it in some 

industrial applications. However, its lower mechanical properties have limited its 

application range. The reinforcement of PBAT with a rigid filler, such as calcium-

phosphate glass (CPG) microparticles, aims at expanding its application field especially 

in the food and agricultural packaging sector. 

 

Material and methods  

 

CPG microparticles were compounded with the polymer at increasing concentrations, 

namely 4, 10, 20 and 40 wt%, by solvent casting technique. The biocomposite pellets 

were injection molded to obtain model 1BA specimens, according to standard UNI EN 

ISO 527, for subsequent characterization. Dynamic mechanical analysis (DMA) was 

performed with a single cantilever clamp, in temperature ramp/frequency sweep mode. 

The disintegration of neat PBAT, PBAT bio-composites and LDPE was investigated 

under simulated composting conditions in a laboratory-scale test, as described in EN 

ISO 20200 standard. Accelerated weathering test was conducted in a QUV Accelerated 

Weathering Tester (Q-LAB), according to the ASTM D 4329 standard, applying the G154 

cycle. 

 

Results and discussion  

 

Storage modulus increased with increasing the concentration of the filler, in the whole 

analysed temperature range, while no particular changes in the glass transition 

temperature were noticed. The results collected from accelerated weathering and 

fragmentation tests on films showed that the material became more sensible to 

structural and macroscopic modifications as the concentration of filler particles 

increased. DMA results pointed out that the realised composites became stiffer, due to 

the reinforcing effect obtained by the addition of CPG microparticles to PBAT matrix 

but did not lose thermal stability also at high percentages of added CPG. The addition of 

increasing amounts of CPG to PBAT matrix produced composites with an improved 

sensibility to the ageing and fragmentation process over time, making their 

degradation faster, by means of respectively photo-oxidation and microbiological 

mechanisms. 
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Introduction 

 

Bio-adhesives adapting to complex geometries and capable of transmitting signals to 

monitor the motility of tissues is challenging. Here, we report the development of 

healable, biocompatible and bioresosorbable adhesives obtained by blending 

regenerated silk (RS) with a soluble plant-derived polyphenol (i.e., chestnut tannin, T) 

and graphene (G) to obtain a G-RS/T hybrid material with the consistency of a gummy 

material. We finally exploited extrusion-based three-dimensional (3D) printing 

to fabricate conformable multilayers grids that can be applied to complex architectures 

for force detection. 

 

Material and methods  

 

In this work, we have used a natural protein and a soluble plant-derived polyphenol 

(i.e., chestnut tannin) to obtain a gum-like adhesive with sensing capacity. Silk fibroin 

(SF) was mixed with tannin (T), calcium chloride (CaCl2), and graphene nanoplatelets (G). 

The prepared solutions were used as biomaterial inks for fabricating of four-layers 

grids via piston-driven extrusion-based 3D printer applying the following printing 

parameters: print speed = 5mm*s−1; needle diameter = 0.21mm, and layer height = 50 

μm. For the bio-compatibility assessment, Caco2 cell line was used as a representative 

model of human colon. 

 

Results and discussion  

 
The results showed the self-healing properties of the gum-like G-RS/T material and 

cohesive adhesion on metal, polymer, porcine intestine with high shear strength (up to 180 

kPa), higher than commercial bio-glues used for tissue approximation. Moreover, we 

showed how such nanocomposites exhibit high stretchability (i.e. 800%) and 
electromechanical properties that could potentially be used for the realization of green, 

eco-friendly and complex-shaped piezoelectric devices exploiting 3D printing. 

Finally, we demonstrate that such glues are bioresorbable and safe. The obtained results in 

vitro, indeed, showed that cells viability in all cases is maintained over 80%. Here, we 
propose a reverse engineering approach to fabricate spontaneous self-healing materials 

exploiting the hydrogen bonds between hydroxyl groups of tannin and amino groups in the 

SF backbone. The synergistic effect of the addition of graphene and tannin endows the 

resultant composites with remarkably electromechanical properties, as well as adhesion 
ability and printability via extrusion-based 3D printing, suggesting an exciting material 

platform of nature-based 3D architectures, which could be used for a wide range of clinical 

applications in regenerative medicine. 
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Introduction 

 
Plasticizers are the widest used polymer additives worldwide and approximately 65% of them 

are phthalic anhydride derivatives, known as phthalates. Nowadays, conventional plasticizers 

do not meet the requirements in terms of renewability, biodegradability and cytotoxicity that 

have become mandatory, especially if they are used in biopolymers. Furthermore, the existing 

“green” plasticizers such as citrates, adipates and epoxidized vegetable oils have costs, 

plasticization performance and versatility towards different polymers that are not comparable 

to phthalates, or their production process are not sustainable from an environmental point of 

view. Here, novel class of bioplasticizers obtained from the valorization of levulinic acid (LA) are 

proposed. 

 

Material and methods  

 
Ketal-diester derivatives were synthesized by a solvent-free reaction between ethylene glycol 

and carboxylic acids characterized with different sidechains. This process led to different 2-

hydroxyethyl esters which, in the second step, react with the carboxylic moiety of LA giving the 

corresponding asymmetric diesters. In the last step, the acetalization of the remaining ketone 

group with 1,3-propanediol resulted in the target cyclic ketal-diester compounds, bearing 

sidechains with distinctive chemical features. In particular, five sidechains have been selected: 

myristoyl (C14), stearyl (C18) and isovaleryl (C5), phenyl (C6) and benzyl (C7). To evaluate the 

plasticizing effect, the synthesized ketal-esters were added to a poly(3-hydroxybutyrate) 

(PHB)/chloroform solution, cast in a Petri dish and dry at room temperature overnight to obtain 

films with thickness of approx. 70 μm. The additives were added to the polymer solution at 10 

and 20 per hundred of resin (phr). 

 

Results and discussion  

 
The five LA-based ketal-ester bioplasticizers have been synthesized and characterized by NMR 

investigation to confirm the effectiveness of the synthetic procedure. The plasticization effect of the 

bioplasticizers has been tested on PHB as model semicrystalline biopolyester characterized by very 

challenging thermal and mechanical properties, which typically limit its processability and diffusion. 

The proposed bioplasticizers show remarkable miscibility with PHB and low leaching. Moreover, they 

have also shown a remarkable plasticization effect in terms of glass transition and melting 

temperatures reduction, which are comparable with the performance of the best commercially 

available “green” plasticizers. Furthermore, flexibility and crystallinity are positively affected, leading 

to an overall reduction of the typical brittleness of PHB. It is noteworthy that the observed effects 

result in an expansion of the temperature range, in which PHB can be processed without incurring in 

thermal degradation. Moreover, the synthesized molecules do not significantly affect the typical 

biodegradability and biocompatibility of PHB, showing their promising properties as bioplasticizers 

for technological applications in the food packaging or biomedical field. 
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Introduction 

 

Polyhydroxyalkanoates are biopolyesters synthesized by various microorganisms. 

Thanks to their biodegradability, mechanical properties and processing versatility, they 

have become unique candidates for research and industrial application. Additive 

Manufacturing (AM) uses advanced technologies to fabricate parts by joining materials 

layer-by-layer. Their ability to fabricate 3D objects directly from a digital 

representation makes them excellent alternatives compared to traditional 

manufacturing. In this contribution poly(3-hydroxybutyrate-co-3-hydroxyvalerate) 

(PHBV) processing in combination with osteoinductive inorganic fillers was investigated 

by employing computer-aided wet-spinning (CAWS), a solution/suspension-extrusion 

AM technique. The effect of PHBV blending with poly(D,L-lactide-co-glycolide) (PLGA), 

an amorphous poly(α-hydroxyacid), on processing and the fabricated prototypes 

properties was also evaluated to develop optimized scaffolds for bone regeneration. 

 

Material and methods  

 

PHBV, PLGA, and hydroxyapatite (HA) particles were blended as a chloroform 

suspension and processed by CAWS through extrusion into an ethanol coagulation 

bath. The fabricated prototypes were characterized by scanning electron microscopy 

(SEM), contact angle (CA) measurements, thermogravimetric analysis (TGA), differential 

scanning calorimetry (DSC), compression tests, and preliminary in vitro cell culture 

tests. 

 

Results and discussion  

 

3D porous prototypes were fabricated by CAWS starting from PHBV/HA and 

PHBV/PLGA/HA suspensions at different weight ratio. SEM analysis on the obtained 

structures showed better aligned and smoother fibers for PHBV/PLGA/HA samples, as 

well as a more defined porosity along z axis and the presence of two distinct polymeric 

phases resulting, for particular blend compositions, in a microfibrillar morphology of 

the dispersed phase. CA measurements showed an increase of scaffold wettability by 

increasing PLGA content in the blend. Thermal analysis showed an increase in the 

degradation temperature and a decrease of crystallinity after blend formation, while 

compression tests revealed a comparable modulus for the fabricated prototypes. 

Scaffolds also sustained in vitro proliferation and differentiation of murine 

preosteoblasts. The better processability of PHBV/PLGA/HA suspensions compared 

with PHBV/HA ones was probably due to an increase in viscosity. This aspect can be 

exploited to obtain a more precise and reproducible fiber deposition and to control 

scaffold morphological properties like pores dimension and surface roughness, as well 

as the intrinsic wettability and crystallinity of the resulting material, without affecting 

sample’s mechanical properties. 

 

O4.13 



 

 

MECHANICAL PROPERTIES OF 3D PRINTED NANO-ARCHITECTED 

METAMATERIALS 

 
Sebastiani M1,2, Rossi E2,3, Bemporad E2,3 

 
1Department of Engineering, Università degli studi Roma Tre, Roma, Italia 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 

Italy 

 

Introduction 

 

Recently, Nano-Architected Mechanical Metamaterials (NAMM) have been proposed as 

a novel class of lightweight and sustainable materials, where a unique combination 

between high strength and low density is achieved. Such materials are usually 

produced by Two-Photon Lithography (TPL) Direct Laser Writing (DLW) method, which 

allows for fast 3D printing with nanoscale spatial resolution. 

 

Material and methods  

 

Unfortunately, the improvement of strength is usually not accompanied by a similar 

improvement of toughness and ductility, because of the effects of imperfections and 

flaws on structural reliability. In this presentation, an overview will be given on recent 

advanced on the production of NAMM, with specific focus on the advanced nanoscale 

mechanical characterization methods that can help understanding the process – 

microstructure – property correlations. In this presentation, we will discuss on the 

environmental effects on fracture toughness of 3D printed glassy-carbon nano-

ceramics and polymers, as obtained by TPL-DLW and subsequent pyrolysis. 

 

Results and discussion  

 

We show that two photon polymerization-derived pyrolytic carbon achieves improved 

fracture toughness over macroscopic forms of vitreous carbon, with values up to 3.1 

MPam0.5. However, experiments at different humidity levels reveal that only few, 

nanometer-sized, surface cavities can cause embrittlement from liquid diffusion, 

which promotes earlier crack propagation. This study demonstrated that fracture 

toughness in additively manufactured nano-ceramics is, in contrast to macroscopic 

ceramics, a surface dominated characteristic, where processing-induced cavities and 

nano-porosity can have a paramount effect on reliability and durability. Different 

humidity conditions represent a ubiquitous boundary condition for almost any 

application. Consequently, toughening material design in micro- and nano-architected 

metamaterials and devices will need to have a strong focus on surface effects like the 

found capillary embrittlement. The observed humidity effect can have a remarkable 

impact on the scale-up of such architected materials in a wide range of applications, 

especially in biomedical, energy storage, and micro-fluidics devices. 

 

 

 

 

 

 

 

 

O4.14 



 

 

AGGLOMERATED CORK: A NATURAL CORE MATERIAL TO IMPROVE SANDWICH 

STRUCTURES ECO-FRIENDLINESS AND CRASHWORTHINESS 

 
Sergi C1,2,5, Sarasini F1,2, Russo P3, Vitiello L4, Barbero E5, Sanchez-Saez S5, Tirillò J1,2 

 
1Department of Chemical Engineering Materials Environment, Sapienza Università di Roma, 

Rome, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), 

Florence, Italy 
3Institute for Polymers, Composites and Biomaterials, National Research Council, Pozzuoli, 

Naples, Italy 
4Department of Chemical, Materials and Production Engineering, University of Naples Federico 

II, Naples, Italy 
5Department of Continuum Mechanics and Structural Analysis, Universidad Carlos III de Madrid, 

Madrid, Spain 

 

Introduction 

 
Cork is the bark of the Quercus suber L. oak and is a natural cellular material which drew the 

attention of many industrial sectors. It is mainly exploited for wine stoppers production, but the 

great potential due to its lightness, good insulation and damping properties, the unique 

dimensional recovery and the resilience encouraged the repurposing of stoppers production 

wastes thus optimizing the use of the harvested material by producing agglomerated and 

expanded cork planks. Agglomerated cork proved to be a suitable eco-friendly solution for the 

manufacturing of sandwich structures especially in the fields where an improved impact 

resistance and a good crashworthiness are the main design parameters. Indeed, many studies 

evaluated its feasibility for energy absorbing and safety, i.e. helmets, sport headbands, car 

doors padding, etc. In this framework and considering the increasing demand for more 

sustainable materials, this work focused on agglomerated cork crashworthiness and on the 

impact resistance of its bio-based sandwich structures. 

 

Material and methods  

 
A comparison with a traditional PVC foam was provided to underline cork main points of 

strength and, in particular, two agglomerated corks with different densities (NL10 ρ= 140 kg/m3 

and NL25 ρ= 250 kg/m3) and one PVC foam (HP130 ρ= 130 kg/m3) were selected. At first, the 

multiple-impacts response of the sole cores was investigated through drop weight tower 

dynamic compression tests. Then, agglomerated cork was used as core material in bio-based 

sandwich panels produced with polypropylene skins reinforced with an intraply flax/basalt 

hybrid fabric. The laminates were produced with and without a maleic anhydride coupling agent 

to evaluate the effect of fiber/matrix interfacial improvement on panels impact resistance. The 

latter was investigated through low velocity impact tests according to ASTM D7136, evaluating 

the effect of different operating temperatures (-40 °C, room temperature and 60 °C), and 

through ballistic impact tests. 

 

Results and discussion  

 
The multiple-impacts tests confirmed cork exceptional dimensional recovery capabilities 

disclosing a high suitability for safety devices and an improved dimensional stability for 

sandwich structures. The results disclosed a detrimental effect of coupling agent with a 

significant reduction in sandwich perforation energy due to the hindering of the main energy 

dissipation mechanisms, e.g. matrix plasticization. Moreover, a higher impact resistance of 

agglomerated cork sandwich panels at higher temperatures was observed with an increase of 

more than 40 J in the perforation threshold thanks to a more compliant response of the 

structures towards the impact and a prevention of damage localization. 
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Introduction 

 
Despite efforts, such as improvements in building envelope performance and reduction of fossil 

fuelbased heating systems, buildings’ energy efficiency is far to be environmentally sustainable. 

In this context, the employment of more efficient technologies like Thermal Energy Storage 

(TES) coupled with Phase Change Materials (PCM) is a great opportunity. Although PCM thermal 

conductivity has great relevance, to further enhance TES performance, heat storage capacity of 

backfilling material must be considered too, for Ground Heat Exchanger (GHE) architectures. 

Most used backfilling materials are cement-based grouts, bentonite clay and sand, but between 

them, sand represents the cheapest material with higher thermal conductivity, which is usually 

around 1.3 W/m K. Direct mixing of backfilling sand and paraffin was tested as a promising 

option to enhance the heat storage capacity of the former and thermal conductivity of the 

latter. In addition, to overcome the great soil surface needed and relative digging cost for 

horizontal GHEs, a novel Flat-Panel GHE architecture was considered. 

 

Material and methods  

 
In this study, two paraffin-based PCMs (n-octadecane and commercial A28) were mixed 

separately with common silica (30% v/v) and characterized. Each mixture underwent 16 thermal 

cycles (Vials test) and physical, structural, and thermal characterization were performed 

through a multidisciplinary approach. Structural properties were investigated through 

environmental scanning electron microscopy coupled with X-Ray spectrometry and Fourier 

transform infrared spectroscopy. Physical properties were measured by grain size laser 

diffraction, pore analysis and optical microscopy. Finally, thermal properties were investigated 

through differential scanning calorimetry and laboratory-scale experimental simulation of a 

melting-freezing thermal bath. 

 

Results and discussion  

 
Results shown that silica addition to PCMs lead to a reduction of the melting and freezing time 

of the mixtures, that can be enhanced by employing n-octadecane. A reduction in grain and 

pore size was detected and attributed to mechanical friction among particles, while chemical 

composition remained constant through cycles. A28, resulting the more interesting after Vials 

test, was further tested in more realistic conditions (Sand-box test), with the same PCM mass 

and conditions. In this set-up, the direct mixing of A28 and sand increased the filed temperature 

below the heating plate of more than 1 K, when compared to the case in which the same mass of 

PCM was constrained inside a container. Despite changes in mixtures’ physical properties, 

thermal performances remained constant through cycles, demonstrating the feasibility of silica 

- PCMs mixtures for distributed TES coupled with ground heat exchangers for shallow 

geothermal applications 
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Introduction 

 
In the last years, rapid solidification processes, such as Gas-Atomization (GA) and Laser 
Powder-Bed Fusion (LPBF), had enabled the development of alloys that are 

thermodynamically impossible to obtain by standard forming techniques. The extremely 

high heating and subsequent cooling rates allow the formation of over-saturated solutions 

with new potentialities. Therefore, through GA and LPBF techniques, it is possible to create 
products with unique characteristics. 

 

Material and methods  

 
AlSi10Mg and AISI 304L ingots were proportionally melted as raw materials. A PSI Hermiga 

100 Gas-Atomizer was used for the powder production. The powders were then 

characterized in terms of physical (He-Pycnometry), geometrical (Laser Granulometry, 
Scanning Electron Microscopy), chemical (Infrared absorption on combustion gases, Energy 

Dispersive X-ray, X-Ray Diffraction) and rheological (Tap density and Funnel test) 

properties. Then a Concept Laser MLab Cusing R machine was employed for bulk cuboid 
samples LPBF production to assess the feasibility of three new designed alloys. These 

alloys were obtained in situ varying the percentage of AISI 304L and resulted in 

AlSi8Fe9Cr2Ni and AlSi8Fe18Cr5Ni3. Then to first composition, a ceramic boride was added to 

obtain AlSi8Fe9Cr2Ni + 5% TiB2 by mechanical mixing. These alloys were characterized in 
terms of relative density and microstructural features. 

 

Results and discussion  

 
Firstly, single-scan tracks by LPBF were analyzed for both AlSi8Fe9Cr2Ni and AlSi8Fe18Cr5Ni3. 

On-top analyses, based on optical pictures evaluation through an image-analyses 

algorithm, were executed to restrict process parameter windows to the regular and 
continuous tracks. Then AlSi8Fe9Cr2Ni samples were produced with the following process 

parameters ranges: Laser Power (P) between 95-90 W, Scan Speed (v) between 400-600 

mm/s and Hatching Distance (Hd) between 0.08-0.095 mm. The goal was to achieve the 

highest relative density. Finally, AlSi8Fe9Cr2Ni and μ-TiB2 powders were mixed and 

processed using the same parameters. On the other hand, AlSi8Fe18Cr5Ni3 samples were 

built with wider ranges of process parameters in comparison to AlSi8Fe9Cr2Ni. Nonetheless, 

Lt was always kept constant at 0.015 mm. The powders characterization confirms the good 

quality of the powders and their suitability for LPBF. Single-scan on-top analyses allow to 
identify regular and continuous tracks. Then AlSi8Fe9Cr2Ni bulk samples exhibited a mean 

relative density between 96 and 98 %, with presence of small cracks, even employing TiB2 

as inoculant. Samples produced with AlSi8Fe18Cr5Ni3 showed a low LPBF feasibility caused 

by deformation and detaching from the building platform during the process, probably due 
to high residual thermal stresses. 
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Introduction 

 

The target of this presentation are biocompatible ionic liquids which are based on the 

coupling of organic or amino acids anions with metabolic cations such as cholinium. The 

computational description of these substances is far from being trivial and requires the 

use of sophisticated techniques to account for a surprisingly rich chemistry that is due 

to several phenomena such as polarization, charge transfer, proton transfer equilibria 

and tautomerization reactions. In this presentation I review some of the difficulties 

that arise in attempting the computational modelling of these systems that perfectly 

represent a particular case of how seemingly simple systems can hide an unexpected 

complexity. Their peculiar structure and, possibly, some of their bulk properties are due 

to intriguing collective phenomena such as the occurrence of tautomerization 

reactions and other, more complex, proton transfer processes. Quite surprisingly, 

these liquids are characterized by an unusually large degree of anionic association that 

is driven by strong Hbonding features. Inside these anionic clusters, intra-molecular 

proton transfer leads to the appearance of zwitterionic and neutral forms that seems 

to shape not only their nanoscopic structures, but also their bulk properties. For 

example, the possible role of H+ as a charge carrier in these liquids has been explored 

as a model for proposing new biocompatible conductive media. 
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Introduction 

 

Cerium oxide (ceria) is widely used as a component in catalytic systems in 

environmentally friendly technologies included H2 production and fuel cells. The study 

by computational methods of these systems is essential to guide the research for new 

materials with properties tuned to specific uses. In this contribution, we present the 

development of a computational strategy to characterize the reactivity of ceria-based 

materials. First, a quantum-mechanical protocol was developed through the evaluation 

of the performance of different DFT approximations on the material properties of 

interest. Following, surface reactivity studies with H2 and H2O were carried out. The ab-

initio dataset thus obtained was used to parameterize a reactive force field (ReaxFF) 

suitable for molecular dynamics (MD) studies of extended systems consisting of ceria 

and H2O. 

 

Material and methods  

 

Periodic spin-polarized DFT calculations were performed to study the elastic, 

vibrational, electronic, and energetic properties of CeO2 and Ce2O3 crystals, and the 

oxygen vacancy formation at the CeO2 111 surface. Following DFT calculations were 

performed to characterize the adsorption and dissociation of H2 and H2O on ceria 

surfaces. The reactive force field (ReaxFF) for Ce/O/H was parameterized by fitting the 

parameters for the C-Ce, Ce-O, Ce-H, and Ce-O-H interactions on the obtained DFT 

data, starting from the available ReaxFF libraries for Ce/O and H/O. MD simulations with 

the ReaxFF were performed on liquid water on CeO2 (111) and CeO2 (100). 

 

Results and discussion  

 

The differences between the DFT results and the experimental data for the cerium 

oxides were computed and compared, and the best performing approximation was 

selected for the following studies. The energies profiles for the H2 adsorption and 

dissociation were computed on CeO2 (111). Similarly, the H2O adsorption and 

dissociation were characterized on the terminations 111, 110 and 100. The ReaxFF 

parameters for the Ce/O/H interactions were optimized to minimize the variation from 

the DFT observables. From the MD simulations at RT was investigated the coverage of 

water and hydroxyls on the considered ceria surfaces. PBE0 and HSE06 provided the 

best description of ceria’s properties, but the former was selected as more efficient 

from the computational point of view. The ReaxFF parameterization for Ce/O/H 

reproduced the bulk and surface properties of CeO2 and the reactivity with H2O 

reasonably well. The MD liquid water on CeO2 (111) and CeO2 (100) shows the latter as 

more reactive towards water dissociation, in agreement with the available literature 

data. 
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Introduction 

 

The increasing life expectancy, the growing senior population and more generalized 

wealth are only some of the many driving forces for the current strong effort in the 

research area of biomaterials. Indeed, improved biocompatible, bioactive, antimicotic, 

antiseptic and antibacterial materials are needed for substituting aged or injured 

tissues of the human body, as well as for the cure of diseases affecting them. Another 

current and dramatic challenge is the development of good, clean, and efficient 

materials for energy storage, decreasing CO2 emissions by using only renewable 

energies, instead of fossil fuels. Hydrogen-based solutions are promising key 

technologies to boost this energy transition, thereby improving energy storage 

efficiency. 

 

Material and methods  

 

Recent evolutions in High Performance Computing (HPC) architectures and the 

concurrent development of more efficient quantum-mechanical softwares have 

dramatically increased the size and complexity of the systems that can be modeled by 

a variety of ab initio methods, at a very high accuracy level. One of the areas that 

greatly benefits from these advancements is materials science: surfaces and interfacial 

phenomena, defective solids, functional materials and nano-particulate systems, all 

require models that are hardly handled by desktop computing architectures due to the 

large system size. 

 

Results and discussion  

 

Some recent applications of periodic large-scale DFT simulations are presented, 

ranging from various surfaces of hydroxyapatite - the main constituent of the 

inorganic phase of bones and teeth - in interaction with several biomolecules, to the 

investigation of cyclodextrin-based nanosponges as drug carriers. The case of 

materials for solid-state hydrogen storage in alloys and inorganic materials complete 

this broad and challenging scenario. The structure of active sites, the H- bonding 

pattern, the relative stability, and the interaction energy, as well as thermodynamic 

propertiesare can be derived by quantum-mechanical calculations. Moreover, the 

simulation of IR spectra provides a direct comparison with the experimental data, 

helping in the interpretation of the mechanisms occurred at the different surfaces or 

interfaces. The joint use of experimental and computational techniques has indeed 

revealed very effective to improve in the field of advanced materials, as biomaterials 

and hydrogen storage materials. 
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Introduction 

 

The concept of employing metal-organic frameworks (MOFs) as a porous vessel to host 

drugs as a guest molecule, i.e. “drug@MOF” systems, holds promise as a 

pharmaceutically efficient carrier to achieve sustained release of various therapeutic 

molecules. The prolonged, well-controlled, targeted delivery of therapeutic agents 

remains a major challenge in the field. For example, research on the delivery of anti-

cancer drugs currently seeks to improve the traditional direct administration routes to 

mitigate any undesirable side effects and poor biodistribution. In this work we used 

first principle simulations by means of cost-effective DFT methods to shed light on the 

host-guest interaction in drug@MOFs. 

 

Material and methods  

 

Recently implemented by some of us, cost-effective ab initio methods rely on a DFT 

hybrid functionals for solids(PBEsol0 and HSEsol) evaluated in a double-zeta quality 

basis set tuned for solid state calculations and augmented with two semi-classical 

corrections: i) the D3(BJ) one to take into account dispersive interactions and ii) the 

gCP(geometrical counterpoise) method to remove the basis set superposition 

error(BSSE). This new class of composite methods have been implemented in a 

development version of CRYSTAL17 and dubbed as PBEsol0-3c and HSEsol-3c. 

 

Results and discussion  

 

Thanks to a good trade-off between cost and accuracy cost-effective DFT methods can 

be employed to treat systems spanning from hundreds to thousands atoms in the unit 

cell, for both geometry optimizations and vibrational frequencies calculation with a 

low computational effort, indeed for our simulations not more than 80 cores have been 

used; in particular, we adopted PBEsol0-3c to investigate the interaction and possible 

conformations of 5-fluorouracil(5FU), an anticancer drug, with two different MOFs 

containing open metal sites i.e. HKUST-1(Cu) and MIL-100(Fe). Our theoretical findings 

show for 5FU@HKUST-1(Cu) that the chemotherapeutic agent can form both 

monodentate and bridged complexes with copper; binding energies are in good 

agreement with the more demanding B3LYP-D*/TZP results. In addition, our 

calculations have demonstrated that water adsorption can be a competitive process 

with respect to drug adsorption and is able to trigger the release of the anticancer drug 

from the pores of the MOFs as shown experimentally. Our computational models are 

also corroborated by ATR-FTIR spectra, showing a coexistence between different 

configurations in the 5FU@HKUST-1(Cu) system. As a proof of concept, we also 

investigated the interaction of 5-FU with MIL-100(Fe), a giant MOFs containing more 

than 2800 atoms in the unit cell. This demonstrates the feasibility and robustness of 

our sol-3c method. 
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Fasulo F1,3, Muñoz-García AB2,3, Huang C4, Pavone M1,3 

 
1Department of Chemical Sciences, University of Naples Federico II, Napoli, Italy 
2Department of Physics “E. Pancini”, University of Naples Federico II, Napoli, Italy 
3National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 

Italy 
4Department of Scientific Computing, Florida State University, Tallahassee, Florida, USA 

 

Introduction 

 

Lithium (Li) metal safety and cyclability need to be improved to allow for its application 

as anode in rechargeable batteries. Recent experiments proved that addiction of 

vinylene carbonate (VC) in conventional electrolytes forms a stable and protective 

interphase between Li metal and electrolyte. This solid electrolyte interphase (SEI) 

formation is very complex, thus in this work we present new insights on VC-Li metal 

interactions from an atomistic perspective via a first-principles computational study. 

 

Material and methods  

 

To this end, we performed Density Functional Theory (DFT) calculations at the PBE-D3 

level of theory, and we also provide a higher-level description with the HSE06 hybrid 

density functional within the framework of the Density Functional Embedding Theory 

(DFET). Such approach allows to go beyond the current limitation of local and semi-local 

DFT, at affordable computational costs. 

 

Results and discussion  

 

We characterized the many possible interaction modes between the (100)-Li surface 

and VC. We found different VC dissociation pathways towards the formation of 

reactive radical species and localized cluster of Li2O and Li2CO3, in close agreement with 

experiments. Beyond these specific results, our study also highlights the potentialities 

of DFET for applications in electrocatalytic interfaces. As in previous theoretical works 

on ethylene carbonate (EC) and propylene carbonate (PC), we found a mostly 

electrostatic binding between VC-oxygen and Li atoms, the most stable configurations 

showed the highest charge transfer from Li metal to VC. We have also examined bond-

breaking between the ring ethereal O atom with both carbonyl and ethereal C atoms. 

Following the first path, a Li2O cluster is formed, while in the second path the acetylene 

molecule is released, and there is a Li2CO3 cluster left in the SEI. In this last case, as 

found by the Bader charge analysis, there is a negative charge on ethereal C atom: a 

highly reactive carbon radical intermediate. Therefore, once this intermediate is 

formed, it could react further with other VC molecules, starting the VC-polymerization. 

These results are also confirmed by the DFET approach considering HSE06-in-PBE 

embedding. To validate this method, we previously compare the cluster electron 

densities given by the periodic PBE and the PBE-in-PBE embedding calculations. The 

embedding potential (Vemb) is solved for two clusters of different size, and we find that 

the Vemb solved for the big cluster is well suited for modeling the local interaction of 

VC molecules and derivatives at Li metal surfaces. 
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Introduction 

 

Asymmetric organic and inorganic materials are constantly gained a significant 

interest due to the opportunity of reaching tunable chiral signatures. In this 

background, asymmetric π-conjugated polymers are attracting considerable interest in 

view of their light-dependent torsional reorganization around the π-conjugated 

backbone, which determines peculiar light-emitting properties. More specifically, 

polyfluorene derivatives are of wide interest in the field of organic electronics, because 

their typical photo-induced helix-sense switching (twisted-coplanar transition), 

enabling a specific molecular response after light-irradiation. 

 

Material and methods  

 

Motivated by the interest in designing asymmetric frameworks with tunable 

photoelectronic properties, a bespoke simulation method has been recently proposed 

to enhance the sampling of the torsional conformational space and, at the same time, 

to estimate ground to excited-state free energy differences. This scheme is based on a 

combination of Hamiltonian Replica Exchange Method (REM), parallel bias 

metadynamics (PBMetaD) and free-energy perturbation theory (FEP) and it has been 

applied on a pentamer of 9,9-dioctylfluorene by biasing multiple torsions. 

 

Results and discussion  

 

We found that, upon irradiation, our simulation strategy predicts ground and excited 

state free-energy surfaces, together with absorption and emission spectra, showing a 

good agreement with the experiments. The proposed simulation scheme, which 

combines advanced simulation techniques including REM, PBMetaD and FEP theory, 

allowed us to enhance the sampling of switchable conjugated polymers and to 

estimate the free-energy gap between ground and excited states. This is a general 

scheme that can be used to predict large-scale rearrangements occurring upon light-

irradiation and it allows designing new system with enhanced chiral signature. We 

conclude broadening our view towards future challenges on prospecting modern 

simulation protocols tunable for optimizing the design of chiral nanomaterials. 
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Introduction 

 

Lead-halide based perovskite solar cells (PSCs) are a fast-developing technology for the 

conversion of sunlight into electricity. However, a few flaws hinder the long-term 

stability of current devices, most of which are related to the perovskite/hole transport 

material (HTL) interface. Spiro-OMeTAD, the most used HTL, provides high efficiencies 

but its low hole mobility forces to use additives that lead to oxidative degradation. 

Inorganic materials, such as NiO and Cu-based p-type materials, are being explored as 

potential alternatives to Spiro thanks to their better chemical stability, low production 

cost, suitable band alignment and high hole mobility. We present detailed insight 

toward understanding the applicability of these HTL classes in PSCs. In particular, we 

assess the role of both intrinsic and extrinsic doping in tailoring the band alignment 

with respect to parent MAPbI3 (MAPI) perovskite. 

 

Material and methods  

 

On NiO, CuGaO2, CuSCN, CuI and Cu2O, we perform first-principles calculations based on 

the state of art density functional theory (DFT) at the PBE+U level of theory as 

implemented in the software VASP (Vienna Ab-initio Simulation Package) We use slab 

models of predominant surfaces to evaluate the absolute position of valence band 

egdes and compare results among different materials. 

 

Results and discussion  

 

We characterize the band alignment of the investigated HTLs with respect to the 

perovskite. We find in general a favorable influence of doping and identify p-type 

CuGaO2 and CuI to be the most promising HTLs among Cu-based materials together 

with p-type NiO. Our results suggest design principles to improve the materials 

capabilities. We analyze the effect of doping on different compounds and, in some 

cases, the explicit role of the HTM/MAPI interface. We find that mutual polarization 

effects arising at interfaces can change the electronic behavior of isolated HTMs 

predicting a different band alignment. We rationalize these effects in terms of 

structural and charge reorganizations assessing their potential implications on the 

final device performances. 
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Introduction 

 

Metal halide perovskites (MHPs) are game changers in photovoltaics due to their 

absorption and exciton carrier properties. The discovery of lead-free and water stable 

MHPs such as dimethyl ammonium (DMA) tin bromide (DMASnBr3), presenting stability 

in the aqueous environment and well-aligned band edges, fostered their applications in 

water splitting with high production rates (>1700 μmol g-1 h-1). Given the urgency to 

cheaply generate hydrogen, we aim to understand whether non-toxic Sn perovskites in 

general can be employed for this application. In doing so, we systematically compare 

the key properties of DMASnBr3 to the well-known MASnI3 (MA=methylammonium) 

used in photovoltaics, reporting differences and similarities. 

 

Material and methods  

 

We perform static and dynamic studies on MASnI3 and DMASnBr3 with density 

functional theory. We investigate the stability of the two semiconductors in the 

aqueous environment simulating the (001) interface with liquid H2O, the surface 

electron accumulation governed by polarons and defects, the energetics associated 

with water adsorption and dissociation on different (001) terminated surfaces of the 

semiconductors and, combining all these lines, we reconstruct the reactivity of the two 

materials for the hydrogen evolution mechanisms. 

 

Results and discussion  

 

On overall, we gain more points in favor of DMASnBr3 rather than MASnI3. For the 

former, we found minimal alterations with time when interacting with liquid water 

highlighting an enhanced stability. Water adsorption and water dissociation on the 

surfaces are also enhanced as well as electron trapping, leading to more favorable 

thermodynamics for H2 evolution. Interestingly, internally to the two materials, we 

uncover that an increased cation halogen salt coverage (DMABr or MAI) favors all of 

these properties, contributing to significantly lower the thermodynamics of hydrogen 

production. The origin of the enhanced stability of DMASnBr3 in water is twofold, (i) the 

less hydrophilic nature of the organic cation DMA+ compared to MA+ and (ii) the 

stronger character of the Sn-Br chemical bond vs Sn-I. Disentangling these two factors 

would be interesting to gather insight for designing more stable perovskites. On the 

reactivity side, we found that the higher reduction potential of DMASnBr3 (higher 

conduction band) is responsible for the more favorable electron trapping and water 

dissociation leading to increased reactivity. These studies are important for 

engineering the chemical composition and the reaction conditions to improve the 

efficiency at a lower cost of these photocatalysts. 
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Introduction 

 

Chemical transformations involving H2 are fundamental pillars of the chemical industry 

and catalysts are essential in these processes. The catalytic activity of supported 

platinum nanoparticles in reactions involving H2 is well known, but a complete 

understanding of the phenomena occurring at an atomic scale is still missing. In this 

work, we highlight the dynamics of the hydrogenated nanoparticles on a Pt/Al2O3 

catalyst under different H2 partial pressures, obtained by a complementary use of FT-

IR spectroscopy, Inelastic Neutron Scattering (INS) spectroscopy and Density 

Functional Theory (DFT) simulations. This work is part of our collaboration with the 

company Chimet S.p.A. (Arezzo, Italy). 

 

Material and methods  

 

The sample is prepared in the Chimet laboratories by depositing Pt nanoparticles on a 

transition alumina. The FT-IR experiments were conducted in operando conditions by 

alternating H2 and N2 gas flux at 120°C. Two INS spectra were collected on the 

LAGRANGE instrument at the ILL by exploring two different H2 pressures and 

temperatures. DFT simulations were performed on PtxHy/γ-Al2O3 models provided by 

IFPEN by employing VASP, computing both the INS and IR spectra. 

 

Results and discussion  

 

The FT-IR spectra measured in the presence of H2 show bands attributed to linear Pt-H 

species, while INS detects all Pt-H species. In both cases, significant spectral 

differences were detected when varying the H2 partial pressure and the temperature. A 

precise assignment was proposed on the base of DFT simulations. Reconstruction 

phenomena of supported Pt nanoparticles in the presence of H2 are largely addressed 

in the literature. In this work, the FT-IR spectra measured under decreasing H2 partial 

pressures show the conversion of bridged Pt-H (in a non-accessible spectral range) into 

linear ones, while INS provided the complete vibrational fingerprint of the PtxHy 

nanoparticles at two different H-coverage values. In both cases, the complementary 

use of DFT simulations is fundamental for a precise assignment and interpretation of 

the experimental spectra. 
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Introduction 

 

Ion exchange membranes are the key component of electrochemical energy conversion 

and storage devices such as fuel cells, redox flow batteries etc. Their primary task is to 

physically separate the electrodes to prevent electrical shortening while conducting 

ionic species between the anode and cathode. Historically, proton exchange 

membranes have been utilized for their high-performance properties. However, they 

suffer from high cost and use of noble metal catalysts which have encouraged the 

researchers to look for alternative materials. To this end, anion exchange membranes 

(AEMs) have emerged as promising materials, providing significant advantages over 

PEMs such as operating in alkaline environment, enhanced kinetics of oxygen 

reduction reaction and low cost due to using non-precious metal catalysts. However, 

obtaining high performance (high ionic conductivity) and durability (chemical and 

mechanical stability) is still a challenge. 

 

Material and methods  

 

Polyketone, a polymer with excellent mechanical and thermal properties and high 

chemical resistance, was reacted with various amine to produce different 

functionalities. The aim of this research was to develop new AEMs based on 

functionalized polyketone (FPK) which are obtained by Paal-Knorr cyclization of 1,4-

dicarbonyl units into pyrrole ones followed by conversion to quaternary ammonium 

pendant side group functionalities. 

 

Results and discussion  

 

To ensure the suitability of synthesized AEMs in electrochemical systems, FPK 

membranes were characterized using ATR-FTIR, HR-TGA, MDSC and ionic conductivity. 

Elemental analysis proved that the degree of functionalization can be controlled by the 

careful modification of the reaction conditions. ATR-FTIR studies and thermal analyses 

showed how the carbonyl conversion affects the morphology of FPK derivatives. 

Furthermore, broadband electrical spectroscopy studies revealed the conductivity and 

charge transfer mechanism in a comprehensive way. The flexibility with respect to 

amine choice paves the way for these membranes in a wide variety of electrochemical 

applications. The authors thank PRIN2017 MIUR Project “Novel Multilayered and 

Micro-Machined Electrode Nano-Architectures for Electrocatalytic Applications (Fuel 

Cells and Electrolyzers)” (Prot. 2017YH9MRK) and SID2020 Project of Department of 

Industrial Engineering, University of Padova “A New frontier in Hybrid Inorganic-

Organic Membranes for Energy Conversion and Storage Devices” (Prot. BIRD201244) 

for funding. 
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Introduction 

 

Fuel cells (FCs) represent a key solution to reduce pollution and mitigate the effects of 

global warming. Proton exchange membrane FCs (PEMFCs) exhibit a high energy 

conversion efficiency and only yield water as the waste product. The most important 

component of PEMFCs is the membrane-electrode assembly (MEA). The latter consists 

of an ion-exchange membrane sandwiched between two electrodes, which are covered 

by suitable electrocatalysts (ECs) to promote the electrochemical processes involved in 

the operation of the device. The development of ECs exhibiting a good “ex situ” 

electrochemical performance does not guarantee that such performance will be 

retained by the MEA. Two critical issues in MEA fabrication are: (i) the quality of the 

interfaces between the membrane and the electrodes; and (ii) the realization of a 

homogeneous cathodic electrocatalytic layer. A further complication is that in the 

cathodic electrocatalytic layer a large amount of water is produced, which must be 

efficiently removed to prevent electrode flooding and mass transport issues that 

degrade the PEMFC performance. The present study is aimed at optimizing the MEA to: 

(i) overcome the issues related to interfacial contact and mass/charge transport; and (ii) 

improve the “in situ” performance of innovative hierarchical “core-shell” ECs. 

 

Material and methods  

 

The MEA optimization studies focus on three main aspects: (i) the fabrication of the 

cathodic electrocatalytic layer; (ii) the MEA assembly using different approaches (e.g., 

doctor-blade and/or spray-coating); and (iii) the MEA activation. To understand and 

improve the structure and performance of MEAs, advanced physicochemical 

characterizations are carried out, including porosimetric and densitometric studies; the 

results are correlated with the “in-situ” performance under operating conditions. 

 

Results and discussion  

 

The development of an “ink formulation” for the ECs enabled the preparation of 

homogeneous electrocatalytic layers with minimal imperfections, improving the 

interfacial contact between the membrane and the electrodes. The water management 

was greatly improved by devising an additional “support layer”. The performance 

enhancement measured upon MEA optimization was attributed to: (i) improved 

ionomer distribution; (ii) more effective water removal; and (iii) increased electronic 

conductivity. This research has received funding from: (a) the EU Horizon 2020 research 

and innovation programme under grant agreement 881603; (b) the project “ALPE” 

funded by EIT Raw Materials; and (c) “AMPERE”, a FISR 2019 project funded by MUR. 
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Introduction 

 

The circular economy of hydrogen is a promising solution for greenhouse gases-free 

energy production, which involves Fuel Cells (FCs) and Electrolyzers as crucial devices. 

The Anion Exchange Membrane (AEM) might be an alternative to the actual commercial 

acid polymer membranes because, working in alkaline environment, allows the 

application of low-cost ECs and also facilitates oxygen reduction reaction. The main 

drawbacks are the poor chemical stability and lower conductivity, because the use of 

OH- instead of proton. To address these shortcomings, membranes must be optimized 

in order to realize devices with good performances and low costs. 

 

Material and methods  

 

We have converted proton exchange membranes (PEM), Aquivion® (E98-S12, E98-S05, 

Solvay), into quaternary-ammonium sulfonamide AEM. In the conversion process, 

primary-ternary diamine (N,N,2,2,-tetramethyl-1,3-propanediamina, Merck) water 

solution is used. In the first step, sulfonamide covalent bond is formed between 

polymer and primary nitrogen and then, in the second step, the ternary nitrogen is 

methylated giving the membrane conductivity. Finally, the membrane is soaked in 1M 

KOH to obtain its OH-form. To investigate their chemical and electrochemical stability, 

ageing and stability tests were performed. As ex-situ test, the samples were soaked in 

KOH solution, 80°C for 2 and 6 days while, as in-situ test, the AEMs were tested in an 

electrolyzer at 2V using nickel foam as electrodes. AemionTM membrane were used as 

reference material. 

 

Results and discussion  

 

The functionalized membrane achieves an ionic conductivity of 26 mS/cm at 80°C, 

100% RH, shows excellent stability after 144 hours in 3M KOH solution at 80°C, 

producing 130 mAcm-2. Our membranes show a good ionic conductivity of 26 mS/cm (at 

80°C, 100% RH) that is consistent with the values of the non-commercial separators. 

For electrolyzer application, functionalized Aquivion® shows current-voltage 

characteristics better than the reference’s ones. In particular, the best performances 

were obtained with the thinner one (50 μm), which assured good current density (130 

mAcm-2 at 2 V in 3M KOH solution) and stability over 140 h. These initial results can be 

further improved thanks to membranes optimization that render our materials 

promising candidates as separator in alkaline environmental applications. 
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Introduction 

 
In electrochemical energy conversion and storage (EECS) devices, performance is modulated by 

a cascade of phenomena including: (i) the redox processes at the electrodes; (ii) the transport of 

charge; and (iii) the transport of mass. Thus, it is often very complex to unravel the different 

contributions to the overall system performance. A purely “trial-and-error” approach to 

fabricate and test full-fledged EECS prototypes is thus impractical, as this would entail too 

massive an investment in terms of both resources and time. Hence, it is crucial to implement 

experimental approaches for the elucidation of the details of specific electrochemical features 

(e.g., reaction kinetics) of the various functional materials used in EECS devices. The resulting 

information is critical in the development of advanced functional materials bestowing to the 

EECS device a performance and durability beyond the state of the art. Cyclic voltammetry 

carried out with a thin-film rotating disk electrode or ring-disk electrode (CV-TF-R(R)DE) is one 

of the most successfully and widely adopted methods to achieve this goal. 

 

Material and methods  

 
CV-TF-R(R)DE is typically used to screen quickly the performance and reaction mechanism of 

electrocatalysts (ECs) for the oxygen reduction reaction (ORR). The latter process is widely 

exploited in a broad variety of EECS devices (e.g., fuel cells, FCs, and metal-air batteries). The 

ORR is particularly critical since it often bottlenecks the operation of the entire system. Even 

though the CV-TF-R(R)DE method is very popular, the full scope of its remarkable capabilities is 

often not explored. 

 

Results and discussion  

 
This work reports how to implement both innovative and more traditional (but half-forgotten) approaches 

to exploit CV-TF-R(R)DE to its full potential, with the purpose to study the most relevant electrochemical 

features of ORR ECs and quickly identify the most promising candidates for application in FCs or other 

electrochemical devices. An approach to compare the ORR kinetic features of vastly different ECs is 

discussed, allowing for quantitative performance comparisons at the same high level of accuracy. It is also 

shown how to adopt CV-TF-R(R)DE to understand quantitatively whether an ORR EC exhibits improved 

morphology/mass transport features in comparison with a Pt/C benchmark. In conclusion, herein it is 

elucidated how to expand significantly the scope of CV-TF-R(R)DE studies with respect to the level 

typically achieved in the state of the art, taking into consideration both kinetic and morphology/mass 

transport features by means of a simple morphokinetic (MK) correlation map. This research has received 

funding from: (a) the European Union's Horizon 2020 research and innovation programme under grant 

agreement 881603; (b) the project “Advanced Low-Platinum hierarchical Electrocatalysts for low-T fuel 

cells” funded by EIT Raw Materials; (c) Alkaline membranes and (platinum group metals)-free catalysts 

enabling innovative, open electrochemical devices for energy storage and conversion – AMPERE, FISR 

2019 project funded by the Italian Ministry of University and Research. 

 

 

P04 



 

 

OPTIMIZED STRATEGIES FOR THE RECOVERY OF CRITICAL RAW MATERIALS FROM 

END-OF-LIFE SOFCs 

 
Saffirio S1,2, Fiore S2,3; Santarelli M4, Fiorot S5, Pylypko S6, Smeacetto F1,2, Fiorilli S1,2 

 
1Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, 

Italy 
3Department of Environment, Land and Infrastructure Engineering, Politecnico di Torino, Torino, 

Italy 
4Department of Energy, Politecnico di Torino, Torino, Italy 
5Environment Park S.p.A., Torino, Italia 
6Elcogen AS, Tallinn, Estonia 

 

Introduction 

 

Effective and scalable recycling strategies for the recovery of critical raw materials are 

yet to be validated within the SOFCs industry. This study seeks to specifically adapt and 

optimize recycling processes for the recovery of Ni and Yttria-stabilized Zirconia (YSZ) 

from end-of-life (EoL) cells for re-use in cell manufacturing. 

 

Material and methods  

 

EoL anode-supported cells based on Ni-YSZ are considered; the target acceptance 

criteria of recycled powder materials were defined by ELCOGEN. Cells were first 

subjected to a 6h-milling step and next to hydrothermal treatment (HT) at 200°C to 

promote further disaggregation. The resulting powders were characterized to assess 

their structural, morphological and chemical features by XRD, N2 adsorption-

desorption isotherm and SEM/EDS analyses. The extraction of Ni from the Ni-YSZ 

composite materials was performed by acid-leaching with HNO3 or chelation with 

EDTA. Powder losses were evaluated at each step. 

 

Results and discussion  

 

The retention of YSZ crystalline phase, the efficiency of Ni extraction, the specific 

surface area (SSA) and the particle size distribution (PSD) of YSZ recovered powders 

were assessed. No residues of Ni were detected by using HNO3. SSA and PSD 

specifications were targeted upon the optimization of HT and YSZ crystallographic 

characteristics were preserved throughout the entire post-milling process. The 

successful recovery of Ni and YSZ from EoL SOFCs with an overall weight loss as low as 

6% was obtained. Performance evaluations of remanufactured cells from recovered 

NiO-YSZ is the incoming step, and the use of environmental-friendly leachants, such as 

citric acid, is currently under high consideration for the process scale-up to TRL5. 

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking 

under grant agreement No 101007216. This Joint Undertaking receives support from 

the European Union’s Horizon 2020 research and innovation programme, Hydrogen 

Europe and Hydrogen Europe research. 
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Introduction 

 

Due to the growing environmental concerns, lignocellulosic biomass has attracted 

considerable attention as a renewable feedstock to produce chemicals and fuels. In this 

context, recent processes and technologies have been studied to optimize biomass 

treatments, aiming to valorize its main products: cellulose, hemicellulose and lignin. 

Although lignin is considered a valid substitute to petroleum as a source of valuable 

products, its complexity and recalcitrant structure represents a bottleneck which limits 

its further applications. In recent years, reductive depolymerization has been studied 

as a promising route for lignin valorization, since reactive intermediates generated can 

be easily quenched by hydrogen or H-donor solvents, avoiding repolymerization 

reactions that led to the undesired char formation. Therefore, we developed a 

magnetically separable core-shell catalyst for the reductive depolymerization of a 

representative lignin monomer model compound (4-benzyloxyphenol). 

 

Material and methods  

 

The magnetic catalyst was synthesized in a sequential process made up of three main 

steps: in the first ones, a hydrothermal carbonisation of magnetic Fe3O4 was 

performed, obtaining Fe3O4@C particles. In the second step, Fe3O4@C were treated with 

aluminium isopropoxide to obtain Fe3O4@Al2O3. Finally, Pd/Fe3O4@Al2O3 nanoparticles 

were obtained by a simple wet impregnation method. 

 

Results and discussion  

 

The catalyst was fully characterized by BET analysis, XPS and XRD spectroscopy, and 

TGA analysis. XPS and BET analysis (large surface area of 230 m2 g−1) confirmed the 

core-shell structure of Fe3O4@Al2O3. Aromatic products were analyzed by GC-MS. 

Pd/Fe3O4@Al2O3 magnetic catalyst has been successfully applied to the reductive 

depolymerization of 4-benzyloxyphenol. The development of new sustainable and 

environmentally benign protocols as alternative to traditional chemical processes is 

the purpose of Green Chemistry. As unconventional technology, Microwaves (MW) 

allow reaching operating temperatures quickly and uniformly, reducing reaction times. 

Hence catalytic tests were carried out in a in a closed MW reactor, under hydrogen 

atmosphere. High selectivity towards toluene was achieved in relatively mild reaction 

conditions. Pd/Fe3O4@Al2O3 thanks to the easily recovering by and external magnet, 

together with the excellent conversion of 4-benzyloxyphenol has proven to be an ideal 

catalyst for the reductive depolymerization of lignin into high-added value products. 
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Introduction 

 

Bionanocomposites are an emerging class of nanostructured biomaterials, involving a 

bioderived polymer combined with organic or inorganic fillers, showing at least one 

nanometric dimension. These promising materials have potential industrial 

applications as an alternative to nanocomposites based on petrochemical 

thermoplastics, in attempting to solve the environmental concerns related to the 

intensive utilization of non-renewable resources. 

 

Material and methods  

 

Five different commercial biopolymers (i.e. blends of aliphatic and aromatic 

biodegradable co-polyesters with proprietary composition) were used as polymeric 

matrices. Two modified clays and a nanosized CaCO3 were used as fillers. 

Bionanocomposites containing 5 wt.% of fillers were obtained through melt 

compounding, then subjected to a further processing step, aiming at evaluating their 

suitability for film blowing or pipe extrusion and finally characterized. 

 

Results and discussion  

 

The rheological characterization of all investigated bionanocomposites showed that, 

regardless of the biopolymeric matrix, the introduction of nanoclays significantly 

modified the material low-frequency rheological response, promoting a slowdown of 

the relaxation processes of the macromolecular chains due to the achievement of an 

intercalated morphology. Otherwise, bionanocomposites containing nanosized calcium 

carbonate exhibited a rheological behavior quite similar to that of the unfilled matrices, 

notwithstanding higher viscosity values. The analysis of the high-shear rheological 

response suggested a marginal effect of the nanofiller on the trends of the shear 

viscosity curves; similar results were obtained from the characterization of the 

material behavior under non-isothermal elongational flow, as the presence of the 

nanofillers did not remarkably affect the deformability of the biopolymers. The 

mechanical characterization highlighted an increase of the elastic modulus of the 

biopolymers, owing to the homogeneous dispersion of the nanofillers within the host 

matrices and the good extent of interfacial adhesion, notwithstanding a slight 

reduction of the materials ductility. Finally, the evaluation of the processing behavior 

of all the investigated materials allowed for identifying the most suitable systems for 

the production of blown films or irrigation pipes. Additionally, the mechanical 

characterization of the so-processed materials indicated that selected 

bionanocomposites show adequate performances, thus confirming their suitability for 

these specific industrial applications as an alternative to traditional thermoplastics. 
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Introduction 

 

Telechelic polymers have grown in interest over the past decade thanks also to the 

evaluation of vitrimers and their properties with high added value (e.g.: recycling 

efficiency). In this context we propose an evaluation study of replacing a component 

such as divinylbenzene with a short telechelic alkene-ended polystyrene (α,ω-dienePS). 

This can be produced by dehydrochlorination of a dihalide-terminated precursor 

obtained by Atom Transfer Radical Polymerization (ATRP). 

 

Material and methods  

 

Low-MW chloride-terminated telechelic polystyrene (α,ω-dichloroPS) was obtained by 

ATRP.  Quantitative dehydrochlorination was accomplished in DMF (reflux), as 

determined by 1H-NMR. Free radical polymerizations (FRP) of styrene were conducted 

to compare the crosslinking capability of α,ω-dienePS  against DVB. First, styrene’s FRP 

both with and without DVB (0.25 mol% with respect to the monomer) was conducted in 

sealed vials under inert atmosphere (N2). Every vial was subjected to the same 

temperature ramp (125 °C to 150 °C, 5 h). Conversion and crosslinking extent were 

evaluated each passing hour. Second, three increasing quantities of α,ω-dienePS were 

tested as well (0.25, 0.50, 0,75 mol% with respect to the monomer) at the same 

reaction conditions. Molecular weight distribution (MWD) of each soluble sample was 

determined by Gel Permeation Chromatography (GPC). 

 

Results and discussion  

 

The temperature ramp was programmed such that at 5 h styrene reached a conversion 

of 80% without crosslinkers. The concentration of DVB was defined such that gelation 

was observed after 2 h of reaction. Consequently, higher concentrations of α,ω-

dienePS were chosen. While copolymerization of styrene and DVB yields crosslinked 

products after 2h, even after 5 h of reaction the products of styrene’s FRP containing 

α,ω-dienePS were soluble in THF. Evaluation of the MWDs served as further proof of 

the different reactivities. Every sample containing α,ω-dienePS shows a marked 

bimodality, with one low-dispersity peak attributed to the apparently unaltered α,ω-

dienePS and the second broader one attributed to the product of styrene’s FRP. 

Although theoretically possible, these results hint that α,ω-dienePS does not react 

during styrene’s FRP. The reactivity was expected to be lower for the dialkene because 

the double bond is 1,2-disubstituted, unlike the vinyl moieties of DVB. Even a three-

fold increase in concentration of α,ω-dienePS seems to not exert a significant effect, 

besides slowing down the FRP by diluting the reaction mixture. 
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Introduction 

 

The new concepts of sustainability and in particular of circular economy minimize the 

impact of waste by maximizing the recycling of products. This approach leads to the 

utilization of resources generated by man-made production cycles. Among the most 

interesting wastes, lignocellulosic biomasses have a prominent position due to their 

enormous availability from human activities. In this work, we studied how to improve a 

technological process applied to post-consumer lignocellulosic-based waste, in order 

to obtain carbohydrates and substances that can be used in new chemical and 

biological transformation processes to produce bio-based compounds and biofuels 

that can be an alternative to synthetic ones obtained from fossil sources such as oil. 

 

Material and methods  

 

The treatment used, called Liquid Hot Water (LHW), is a low temperature and pressure 

process that promotes hydrolysis of macromolecular structures into simple molecules. 

These substances are generally soluble in an aqueous phase and can be easily 

transformed into fine chemical products. The hydrolysis actions are carried out by 

operating in alkaline and acidic environments obtained by adding sodium hydroxide 

and sulfuric acid, respectively, to the aqueous solution. In order to compare more easily 

the results of the hydrolysis process performed on the post-consumer wood matrices, 

the same treatments were carried out using cellulose and lignin as solid phase. At the 

end of the treatment on each solid matrix used, both the solid and liquid phases, were 

extensively characterized to assess the possibility of industrial use of lignocellulosic 

waste for chemical/biological interests as an alternative to their combustion. 

 

Results and discussion  

 

For each sample used, post consumer wood, cellulose and lignin, different degradation 

percentages were obtained by varying the hydrolysis conditions and pH. Moreover, the 

amount of simple sugars in the hydrolysed phase at the end of the processes was 

evaluated and the yield of monosaccharides is very promising (more than 1700 mg/L). 

The results showed a high degradation rate of the lignocellulosic matrices through 

LHW hydrolysis. Yields could be increased by further optimisation of the treatment 

process, e.g. by changing the experimental conditions (time, pH, temperature) and using 

catalysts. The carbohydrates and substances obtained can be used in new production 

processes. 
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Introduction 

 
The notoriously poor (bio)degradability of vinyl polymers is due to their chemically stable 
backbone. To lower their environmental impact, it is strategic to intercalate labile bonds 

along the backbone. These weaker bonds could then be broken faster under environmental 

conditions, releasing more easily (bio)degradable fragments. By intercalation of disulfide 

bonds, chemical upcycling is also made possible since the released fragments have the 
same functionality at both ends (thiol-terminated telechelic shorter chains). These 

fragments can thus undergo polycondensation, either to reform the starting polymer or to 

be copolymerized into a novel material. The pursue of sustainability in polymers should 

show both in the final product as well as in the employed synthetic route. Meaning that, a 
sensible procedure to intercalate said labile bonds should be employed. 

 

Material and methods  

 
Activators Regenerated by Electron Transfer Atom Transfer Radical Polymerization (ARGET 

ATRP) of styrene from a bifunctional alkyl chloride initiator, yielded low-MW telechelic 

polystyrene (α,ω-dichloroPS). The green system employed has low-ppm quantities of 

catalyst (CuCl2/TPMA), uses an ascorbic acid lipophilic derivative as the reducing agent, and 

is performed in a sustainable solvent mixture (EtOAc/EtOH). Dehydrochlorination in DMF of 

the recovered α,ω-dichloroPS yielded the corresponding dialkene. Finally, photochemically 

promoted thiol-ene addition of α,ω-dienePS and 1,4-butanedithiol yielded thiol-
terminated telechelic polystyrene. Telescopic polycondensation with a bland oxidant 

resulted in a polystyrene with in-chain disulfide labile bonds. Chain-end functionality of 

α,ω-dichloroPS and its derivatives was determined by 1H-NMR, meanwhile molecular 

weight distribution (MWD) by Gel Permeation Chromatography (GPC). 

  

Results and discussion  

 
ARGET ATRP has two sought after advantages: high end-group fidelity and predetermined 

MWD. Both showed in the green system reported. Furthermore, the designed experiments 

highlighted the influences of the reagents’ quantities on both yield and MWD. 

Dehydrochlorination was carried to completion without any sensible variation in the MWD. 
A similar result was obtained in thiol-ene addition, by adjusting the reaction conditions. 

Finally, GPC showed successful polycondensation of the thiol-terminated polystyrene. 

Emphasis was placed in choosing green functionalizations. For this reason, instead of the 

nucleophilic substitution reported in literature we employed dehydrohalogenation 
followed by thiol-ene addition. Furthermore, polycondensation is telescopic to the latter 

step as a mean to incorporate in the polymeric matrix the excess of 1,4-butanedithiol. 

Although evidence of effective enhancement of (bio)degradability is missing, the present 
work serves as a proof of concept for the sustainable synthesis of vinyl polymers with in-

chain labile bonds. 
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Introduction 

 

Recently, population growth, urbanization and the economic expansion of 

industrialized countries have led to the uncontrolled exploitation of natural resources. 

This encourages the use of secondary raw materials and favors the emergence and 

development of a market for recycled and recovered materials. The proposed Life Cycle 

Assessment (LCA) study is in line with the objective of producing and calculating the 

environmental impacts of lightweight artificial aggregates in order to preserve natural 

resources and confirm their eco-sustainability. 

 

Material and methods  

 

Three different mixtures were prepared in order to manufacture lightweight 

aggregates through the cold bonding pelletization process. Ordinary Portland cement 

(OPC), ground granulated blast furnace slag (GGBFS) and municipal solid waste 

incinerator (MSWI) fly ash were employed as components of the binding systems. 

According to the European Waste Catalogue, MSWI fly ash is listed as hazardous 

material labeled and cannot be used or even landfilled without prior treatment. 

Stabilization process is not very effective for MSWI fly ash, for this reason, a 

preliminary washing step was applied to remove soluble salts as much as possible. 

Three mixtures were prepared, in which the mass of washed fly ash was kept constant 

(80%), the mass of cement (5%, 10% and 15%) and ground granulated blast furnace slag 

(15%, 10% and 5%) varied. 

 

Results and discussion  

 

The production process of LWA includes washing, drying and cold bonding pelletization 

(CBP) process. The washing process is responsible for 76 kg CO2 eq./kg, drying for 0.13 

kg CO2 eq./kg, and cold bonding pelletization for about 9.4 kg CO2 eq./kg. The energy 

component has been excluded from washing and CBP processes, since the amount of 

electricity in washing is 0.04 kg CO2 eq./kg, and the amount of electricity to power the 

granulator is 0.08 kg of CO2 eq./kg, so electricity is negligible for washing and CBP 

process. The results from this study represent the confirm that the cold bonding 

pelletization process for the production of LWA is a practical and advantageous 

method in terms of environmental sustainability. This derives from the recycling of 

industrial solid waste, the reduced energy requirement and the reduced formation of 

secondary pollution, as the granulation process takes place at room temperature and 

there are no gaseous emissions. 
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Introduction 

 

Water pollution is a major environmental problem. Dyes released by textile industry 

represent an ever-growing part of aquatic contaminants. Among them, methylene blue 

(MB), is one of the most used, however, it can provoke vomit, gastritis, cyanosis, 

heartbeat increase, jaundice, and tissue necrosis. So, its content in water has to be 

minimized. Different processes are currently available for water remediation. One of 

the most used is the adsorption process which is simple and cost-effective. Hydrogels 

are gaining increasing attention as adsorbents but they are generally petroleum-based 

and non-degradable generating the so-called secondary environmental pollution. To 

overcome this problem, we synthetized new UV-curable polysaccharide-based 

organo/hydrogels (OHGs) from starch and γ-cyclodextrin. 

 

Material and methods  

 

High amylose Hylon VII maize starch was purchased from Ingredion, γ-Cyclodextrin 

from ABCR. All the others reagents were purchased from Sigma Aldrich. 

 

Results and discussion  

 

Photorheology and rheology- The rheology tests were performed using Anton PAAR 

Modular Compact Rheometer in a parallel plate configuration with a quartz bottom 

glass (25 mm). The lamp used was a Hamamatsu LC8 lamp, 30 mW/cm2. 

Compression test- Unconfined uniaxial compression tests were performed with a MTS 

QTestTM/10 Elite controller using TestWorksR 4 software. 

Adsorption study- The adsorption study of MB was conducted by adding 8 mL of MB 

solution (40 mg/L) to 8 mg of dried OHG at room temperature. The MB concentration 

was determined by JENWAY 6850 UV/Vis spectroscopy. 

Biorenewable “all-starch”-derived organo/hydrogels (OHGs) were prepared via “green” 

and fast UV-curing and tested as bio-adsorbents for the removal of MB from water. 

Methacrylated starch (MS) and acrylated γ-cyclodextrin (ACy), were successfully 

synthetized and subsequently photopolymerized. Real-time photorheology confirmed 

the high reactivity of the photocurable precursors. OHGs containing an increasing 

amount of ACy show not only superior mechanical strength but also sorption 

properties as a consequence of the high crosslinking efficiency of the acrylated 

cyclodextrin derivative and its ability to form host-guest inclusion complexes. 

Moreover, the printability of these photocurable formulations via digital light 

processing (DLP) 3D-Printing is assessed, envisaging the fabrication of absorbing 

materials with complex and application-tailored geometry, which could represent a 

new frontier for wastewater treatment. 

 

 

P12 



 

 

A SINGLE STEP PREPARATION OF PHOTOTHERMALLY ACTIVE PVDF MEMBRANES 

USING TEP AS GREEN SOLVENT FOR DISTILLATION APPLICATION 

 
Pagliero M1,2, Comite A1,2, Costa C1,2, Rizzardi I1, Soda O1, Firpo R1,2 

 
1Department of Chemistry and Industrial Chemistry, University of Genoa, Genoa, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), 

Florence, Italy 

 

Introduction 

 

Membrane distillation (MD) exploits a hydrophobic porous membrane to separate a hot 

and a cold section. The temperature difference across the membrane generates a 

partial vapour pressure difference that acts as driving force for the process and 

induces a pure vapour flux through the pores. However, the membrane preparation 

process requires the use of organic solvents raising environmental concerns. 

Therefore, replacing such traditional solvents with green substitutes has become a 

main topic in membrane preparation. Another route to improve the environmental 

sustainability of the membrane is the exploitation of solar energy to provide the 

needed heat to the feed. A particular approach is the so-called direct solar membrane 

distillation in which the liquid is heated directly inside the distillation cell. 

 

Material and methods  

 

Highly porous polyvinylidene fluoride (PVDF) membranes were prepared using a green 

solvent such as triethyl phosphate (TEP). Carbon black (CB) was selected because of its 

low cost, great absorbance in the entire solar spectrum and non-toxicity. These 

characteristics made CB a perfect candidate to be integrated into the polymeric matrix 

to improve the photothermal performance of the membrane. The distillation 

performance of the membranes was evaluated using a vacuum membrane distillation 

setup. 

 

Results and discussion  

 

Membranes with different characteristics were obtained using TEP as green solvent. 

CB addition allowed to modify the pore radius and increase the productivity during the 

MD tests. The membranes containing CB were able to heat small amounts of water 

when irradiated with a solar-like light source. Low concentrations of CB, worsened the 

membranes properties, reducing both the pore size and porosity of the samples and 

decreasing consequently the MD performance. Larger amounts of CB had the opposite 

effect and a neat increase of the pore size and porosity of the membrane were 

registered. These morphological changes improved the distillation performance, 

namely the distillation flux without affecting the separation ability of the process. 

Finally, the samples containing CB were able to absorb light and convert it into heat. 
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Introduction 

 
Water pollution and shortage of clean water are general global issues that are becoming 

urgent with the ongoing climate warming. Among the several pollutants affecting water, 

polycyclic aromatic hydrocarbons (PAHs) have received particular attention in the last 
years, in relationship to their carcinogenicity and persistency in the environment. 

Currently, over 400 PAHs and derivatives have been identified and classified, but EPA 

focused their regulations, analyses and data only on the 16 most dangerous PAH 

compounds. To tackle the PAHs environmental emergency, we introduce a new, 
regenerable functionalized membrane for the removal of PAHs from water thanks to the 

integration of an ad-hoc synthesized deep and hydrophobic cavitand in electrospun 

polyacrylonitrile (PAN) fibers. 

 

Material and methods  

 
To reach an effective PAH uptake in water, a new deep cavitand BenzoQxCav was designed 
and synthetized extending the length of the aromatic walls through the functionalization 

of the resorcinarene scaffold with four benzoquinoxaline walls at the upper rim. The 

efficient filtration of micropollutants from water required the integration of BenzoQxCav 

into a polymeric membrane. We selected electrospinning as the technology of choice to 
produce a new microporous filtrating material made up by a mixture of PAN/BenzoQxCav 

(94:6 w/w). 

 

Results and discussion  

 
SPME-GC-MS analyses were preliminarily performed to evaluate the extraction capabilities 

of the new BenzoQxCav in the removal of the target 16 PAHs in water samples. The 
resulting high affinity of the deep cavitand towards all the investigated analytes, driven us 

to test even electrospun PAN-BenzoQxCav membranes for the removal of PAHs, each in 

concentration of 100 ppt. Exposure of the composite membrane to water contaminated 

with the 16 regulated PAH resulted in a significant boost in the removal of the 8 lighter 

aromatic pollutants compared to the pristine PAN membrane, driven by cavity inclusion. 

The implementation of electrospun PAN with BenzoQxCav equipped with a deeper 

hydrophobic cavity, led to superior removal capabilities towards low-molecular weight and 
less bulky PAHs. Moreover, the conformational mobility of quinoxaline based cavitands 

made possible to address the critical issue of membrane regeneration, thanks to their 

unique ability to switch between the complexing vase form and the completely open kite 

one. Reversible encapsulation/release of PAHs was achieved in the solid state via a pH-
driven conformational switch, triggered by exposure of the membrane to a water solution 

of TFA to open the vase form in the kite one, followed by aqueous ammonia treatment to 

restore the complexing cavity. 
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Introduction 

 

Many pharmaceuticals are considered contaminants of emerging concern since they 

are generally poorly removed from wastewater treatment plants. They can be found in 

concentrations in the range of ng/l and have also shown adverse side effects when 

ingested as a medicine. Photocatalysis has been extensively studied as an 

environmentally friendly and efficient solution to degrade pharmaceuticals in 

wastewater. Nonetheless, efforts are still being made to find visible-active 

photocatalysts obtained using synthesis procedures with low energy requirements, 

that use renewable sources to reduce the overall environmental impact of 

photocatalyst preparation. 

 

Material and methods  

 

In this work, we have successfully synthesized two photocatalytic C,N-TiO2 

semiconductors through a bioinspired synthesis. The precursors for C and N doping 

were acquired from the extrapallial fluid (EPF) of seawater mussels, either from Mytilus 

edulis or Mytilus galloprovincialis species, following a hydrothermal process at 150 °C. 

Their structural, optical, and textural properties were studied and compared. Also, their 

photocatalytic activity was evaluated by carbamazepine degradation under visible 

light. 

 

Results and discussion  

 

Reflectance tests showed that both semiconductors were active in the visible light of 

the spectrum. Also, SEM images show that both materials present agglomerates of 

particles in their surface providing them with a high surface area, which was also 

confirmed calculating the BET surface area, that was over 200 m2/g. Photocatalytic test 

results conclude that the semiconductor doped using Mytilus edulis EPF degraded 

carbamazepine in less time. Both semiconductors exhibited to be active in the visible 

spectrum, confirming the presence of dopants, and they both present high surface 

area. Photocatalytic tests conclude the photocatalyst obtained using Mytilus edulis 

EPF proved to be more efficient in the degradation of carbamazepine under visible light 

radiation. 
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Introduction 

 

Waste recycling could turn into a common practice to improve environmental 

sustainability of the ceramic manufacturing. Although this industry proved to be able 

to efficiently recycle its own processing residues, the recourse to pre- and post-

consumption wastes from other sectors is still quite limited. Indeed, the main obstacle 

to a widespread recourse to waste recycling is the lack of knowledge about the effects 

of different kinds of waste on technological behavior of semi-finish products and 

technical performance of finished tiles. This work aims to evaluate the use of bottom 

biomass ashes as secondary raw material in porcelain stoneware bodies. 

 

Material and methods  

 

Three different samples were realized adding to a classic porcelain stoneware batch 2,4 

and 6 wt. % of bottom ashes in substitution to standard flux (feldspars), while a fourth 

sample without any addition was realized and used as benchmark. Each sample was 

then fired at different maximum temperatures (1000 - 1220°C) in order to follow the 

evolution of the technological properties. The realized materials were characterized 

both from technological and chemical physic points of view. 

 

Results and discussion  

 

The semi-finished products were characterized for particle size distribution, specific 

weight of powders, bulk density and flexural strength. The addition of the ashes 

improved the mechanical properties of even the unfired tiles. After the firing, while the 

benchmark achieved the desired properties at 1200°C, for biomass ash bearing ones a 

lowering of the firing temperature of 20°C was observed (Tmd=1180°C). Moreover, also 

for the fired specimens, it was observed an increase of the flexural strength positively 

correlated to the amount of waste. The data of the microstructure confirm that the 

waste-free body is characterized by a compact amorphous matrix, while bodies with 

ash exhibit a more crystalline appearance. Mineralogical investigation, by XRPD 

quantitative analysis, indicate that the ash allows to preserve a higher amount of 

plagioclase in the firing products, confirming their fluxing behaviour in place of the 

feldspars. 
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Introduction 

 

Strong efforts are needed to derive theoretical models able to keep into account all the 

variables significant for composite’s materials design to overcome the strong 

limitation of the mixture law. Design of Experiments (DoE) can be used to correlate 

composite’s design variables with specific properties of the final material. At the same 

time, DoE technique overcome the strong limitations intrinsic into the so 

called One Factor-at-A-Time (OFAT) method, reducing the number of experimental 

tests needed to provide the maximum information content on complex issues, saving 

both time and resources. This work investigates the comparison between E-glass and 

S2-glass reinforced Polyamide 6 (PA6) composites, in terms of thermo-mechanical 

behavior during cycling load. These materials have been tailored for automotive 

applications and specifically for the developing of a sensor used in the engine 

compartment where thermal effects cover a key role on material response to stress 

and cycling conditions. 

 

Material and methods  

 

Design of Experiments (DoE) was used to correlate composition, content and shape 

factor of glass based reinforces to thermo-mechanical properties of the final 

composites, codified in terms of coefficient of thermal expansion, tensile strength, 

Young Modulus, damping over temperature/frequency variation, and cost.  

 

Results and discussion  

 

Results, defined through statistically reliable models, point out that the composite’s 

final properties are strongly dependent on quadratic and cubic interactions between 

input factors, in agreement with the intrinsic complexity of the composite design. It 

was verified that, despite a restrained CTE-α and enhanced static mechanical 

properties by using S2-glass, the damping is lower with the employment of 

E-glass, due to the higher stiffness of S2-glass. Finally, from the desirability function 

analysis, an optimal volume of E-glass fiber was identified in the range 30-45% of 

volume to promote restrained CTE- α and damping at 110 Hz. Compositions falling in 

the selected formulation ranges have been replicated and then tested in real 

condition close to engine in cars, confirming the noise reduction and improved 

mechanical performances at higher temperature. To further enhance the composites’ 

behavior organic bacterial cellulose has been tested to promote the environmental 

sustainability of the composite production with promising results. 
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Introduction 

 

Ethylene-propylene diene monomer (EPDM) rubber foams are today widely employed 

as thermal insulation in residential and non-residential buildings. However, their 

installation in confined areas of the buildings is often complicated and the capability of 

EPDM foams to exhibit a shape memory behavior would be desirable to improve this 

aspect. In this work, the possibility to confer a shape memory behavior  together with 

thermal energy storage (TES) capability, adding paraffin to EPDM foams, was explored 

for the first time. 

 

Material and methods  

 

Three types of EPDM foams filled with different concentrations of a paraffin (melting 

temperature 70 °C) were produced. In particular, two series of foams were produced 

using Hostatron® and Micropearl® as foaming agents while the salt leaching method 

was adopted to produce the third series of foams. The influence of paraffin and 

production method on morphology and thermal, mechanical and shape memory 

properties were explored through a complete characterization of the produced foams. 

 

Results and discussion  

 

Scanning electron microscopy and density measurements highlighted that both 

production method and paraffin concentration strongly affected the morphology of 

the foams. For all types of EPDM/paraffin foams and all PCM concentrations, thermal 

conductivity values lower than 0.16 W/m·K were measured. Differential scanning 

calorimetry analysis demonstrated that the produced foams presented noticeable 

TES properties and the performed shape memory characterization evidenced that 

paraffin played an important role in conferring good shape memory performance to 

the foams. The results have revealed how the produced EPDM/paraffin foams are 

multi-functionals since they are characterized by low thermal conductivity values, TES 

capability and good shape memory properties. The thermal insulation properties, 

together with TES capability, make the foams potential candidates to be used for 

thermal insulation and thermal management of systems suffering from thermal 

fluctuation. In addition, the shape memory behaviour could strongly improve the 

installation of the foams in confined and limited spaces. For example, it could be 

explored to realized deployable panels, to thermally insulate, without discontinuities or 

material waste, the corners of the buildings, and to design foams for thermal 

insulation of pipes that can perfectly fit the dimensions of the pipes. 
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Introduction 

 

Lubricating agents are widely used in rubber technology to: (i) facilitate the rubber 

compound mixing, (ii) improve the flex life and the low temperature performance; (iii) 

achieve an adequate dispersion of fillers. The most used lubricating agents are 

petroleum-derived oils. Natural oils could be considered as an eco-friendly alternative 

but the required amount for the rubber industry would be very high resulting in a not-

sustainable solution. The answer may come from the use of waste cooking oils. This 

research aims to investigate the potential of waste cooking oils as processing aids in 

rubber mixing to replace mineral oils.  

 

Material and methods  

 

Two waste cooking oils recovered after the frying of potato chips and chicken supplied 

by McDonald's Italy were used. Oil samples were analyzed by FTIR, GC-MS, accelerated 

oxidation tests, and Acid value (AV), Peroxides number (PN), and viscosity 

measurements. Mixing of rubber compound was carried out using a two-wing rotor 

laboratory Banbury mixer at 80°C for 15 minutes; samples were pressed and vulcanized 

at 160° C for 15 minutes. Cure characteristics of compounds were studied using a 

Rubber Process analyzer. Vulcanized samples were characterized by uniaxial tensile 

tests, DMA tests and Shore A hardness tests. 

Results and discussion  

 

FTIR and GC-MS results showed that the frying process increases the oxidation degree, 

meaning a lower level of unsaturation of the free fatty acids. Acid value and peroxide 

number further confirmed the high oxidation degree of waste oils. Viscosity values of 

both waste cooking oils are perfectly comparable with petroleum derived oil. Waste 

oil-containing vulcanized samples -showed increased elongation at break and higher 

tensile strength with respect to the oil free sample but lower elastic modulus and 

hardness. The waste cooking oils have a similar influence as conventional mineral oils 

on the compound processability and do not affect the crosslink density and cure time. 

The obtained results are very promising and suggest that waste oils can be considered 

as good candidates for replacing mineral oil in rubber compounding process in a good 

practice of circular economy. 
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Introduction 

 

Thanks to the increasing concerns related to Urban Heat Island phenomenon and Heat 

waves during hot seasons, the theme of passive cooling has gained attention over the 

last decades. Solar reflecting materials reflects radiation in the whole solar spectrum 

(UV-Vis-NIR) and constitute an effective passive cooling technique. The solar 

Reflectance property (SR) is the ratio between the solar energy globally reflected 

by a surface and the total incident solar energy (SR = 1 when all the incident radiation is 

reflected and SR = 0 when the surface absorbs all the incident radiation). From the 

introduction of ink-jet printers in tiles decoration, the use of porcelain stoneware for 

facades claddings has increased. Furthermore, because of the thickness of ink-jet 

decoration, it has been demonstrated that the solar reflectance performances 

are closely related to the engobe properties. In this work, we investigated the 

crystallization of four commercial and a custom-made frit to evaluate their behavior 

against solar radiation and their effect on the performances of engobes. 

 

Material and methods  

 

Four industrial frits were used: CMAS (CaO-MgO-Al2O3-SiO2), CZS (CaO-ZrO2-SiO2), CBS 

(CaOBaO-SiO2) and CZAS (CaO-ZrO2-Al2O3-SiO2). By replacing 50% of the ZrO2 in the CZS 

frit by TiO2, a custom-made frit (Ti-CZS) was prepared. The frits were melted at 1450 ºC 

and quenched in water. After milling in water to obtain powders with a grain size 

distribution D90 < 40 μm, the frits were pressed at 35 MPa and fired at different 

temperatures determined by DTA. The sintered glass-ceramics were characterized by 

DTA, heating microscope, SEM, XRD, CIELab color and SR. The Ti-CZS frit was 

incorporated into the formulation of an industrial engobe, which in turn was used to 

prepare ink-jet decorated tiles. 

 

Results and discussion  

 

The CZS and the Ti-CZS glass-ceramics presented the best solar reflectance property, 

obtaining SR values of 0.702-0.875 and 0.889-0.948, respectively. For both samples, 

the increase in the sintering temperature decreased the SR values. When the Ti-CZS 

glass-ceramic was incorporated into the formulation of the industrial engobe, the SR 

value increased from 0.69 (standard engobe) to 0.75 (modified engobe). The SR results 

were correlated with crystals’ size, crystallization degree and crystals' mineralogy. The 

presence of TiO2 and ZrO2 promotes the SR property of the sintered glass-ceramics. The 

decrease in the glassy phase content (as sintering temperature increases) lead to a 

decrease in the SR property, in both the sintered glass-ceramics and the ink-jet tiles. 
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Introduction 

 

Particulate matter (PM) is one of the most present pollutants in urban areas due to 

traffic and domestic heating, causing health diseases and poor air quality. Moreover, it 

is estimated that about 143 million tons of wastes are generated each year in Italy, 3.7 

million tons originated from manufacturing sector, posing a significant waste 

management challenge. The current environmental situation highlights the need to 

implement policies to reduce PM concentrations and methods that allow recycling to 

minimize wastes’ environmental impact. For these purposes, an innovative porous 

material, SUNSPACE (“SUstaiNable materials Synthesized from by-Products and 

Alginates for Clean air and better Environment”), synthetized from industrial by-

products (like silica fume SF and bottom ash BA), has been developed. 

 

Material and methods  

 

Different SUNSPACE formulations were proposed, replacing SF with BA, obtaining a 

lighter colored material, and sodium bicarbonate with hydrogen peroxide (in different 

concentrations) in order to avoid the thermal treatment. The adsorption capacity of 

these materials was tested using an aerosol nanoparticles generator (GRIM 7.811). A 

titanium dioxide (TiO2) suspension, 3 g/L and size dimension of 300 nm, was used to 

simulate PM. Samples characterization, through structural, morphological, colorimetric 

and porosimetric analyses, was performed. 

 

Results and discussion  

 

Generator parameters were settled. Samples were exposed for 4 min at the same 

height of the generator outlet and 2 cm away. To evaluate the amount of TiO2 trapped, 

samples were digested and then analyzed by TXRF analysis. Sustainability analysis, 

performed with CES Selector software, revealed that these materials are very 

sustainable. Structural and porosimetric characterizations showed the clear presence 

of pores, from micron to nanometer sizes. Colorimetric analysis showed that the 

substitution of SF with BA leads to a lighter colored material. Finally, adsorption tests 

revealed that samples with BA had the best performance. The aim of this work is to 

propose new solutions to promote circular economy and to improve urban air quality. 

The idea is to apply these materials as coating or plaster on urban surfaces, like 

buildings, roofs or sidewalk. Results are encouraging to continue the development of 

these materials. 
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Introduction 

 

The use of sustainable materials is involving all application areas, including those 

requiring demanding structural performances. In nautical constructions, for instance, 

after plastics and composites have extensively replaced wood, a return to natural 

sources is anticipated, provided performance levels required by modern structures are 

satisfied. In this context, bamboo laminates present close resemblance to fiber 

composites and exploiting of their characteristics can provide mechanical and 

functional properties making them a viable alternative to present fiberglass materials. 

Bamboo in the form of thin sheets with unidirectional fibers can be laminated by 

techniques adapted from fiber composite technologies to produce boat panels and 

components. With consideration of the similarity with fiber composites, experimental 

and modelling techniques to determine actual attainable performances are 

investigated. 

 

Material and methods  

 

Laminates made of 4 plies [0/90]s or 8 plies [0/+45/-45/90]s were produced by gluing 

bamboo unidirectional sheets with epoxy resin in vacuum bag. Laminates were 

characterized by water absorption tests; static and dynamic-mechanical properties of 

the laminates were measured, also in consideration of water contact. 

 

Results and discussion  

 

Thanks to the relevant performances of bamboo in the fiber direction, to the possibility 

selecting fiber orientations by overlaying UD sheets and to the possibility of 

manufacturing good quality laminates using techniques coming from composite 

technologies, bamboo laminates result well adequate in boat constructions as well as 

in a number of other structural applications. As most wooden materials, bamboo 

presents a consistent water absorption at saturation, exceeding 30% wt. On the other 

hand, a quite limited variation of tensile strength and modulus was measured (less than 

10 %). Moreover, a negligible variation of in-plane dimensions, less than 0.5%, was 

observed. Bamboo laminates have a remarkable resemblance with fiber composites. 

Similar production and testing protocols, as well as design methodologies, can be 

adopted to get structural components which may result valid alternative to traditional 

fiberglass in a number of nautical elements also considering that, notwithstanding a 

remarkable water absorption, stable dimensions are observed. Although in the tested 

materials only a small fraction of synthetic resin was used, the adoption of epoxy from 

renewable sources can further improve the sustainability of these products, still 

preserving the remarkable mechanical performances. 
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Introduction 

 

Syntactic foams (SFs) containing hollow glass microspheres (HGM) in epoxy resin 

feature a unique combination of low density, high mechanical properties, and low 

thermal conductivity, which can be tuned according to the specific application. A way 

to improve the versatility of SFs is to incorporate thermal energy storage (TES) 

materials. Among Latent Heat Storage (LHS) systems, Phase Change Materials (PCMs) 

are the most diffused ones. When PCMs are added to syntactic foams, they could limit 

their abrupt response to temperature change, reducing also the induced thermal 

stresses. In this work, the physical, thermal, and mechanical properties of epoxy/HGM 

SFs incorporating a microencapsulated phase change material (PCM) having a melting 

temperature of 43 °C were comprehensively investigated. 

 

Material and methods  

 

A bi-component epoxy resin EC157/W342 was used as matrix while K15 hollow soda-

lime-borosilicate glass microspheres (HGM) and MPCM43D encapsulated PCM were 

incorporated as fillers for the preparation of fifteen different compositions. All the 

samples were prepared in the same way, firstly the EC157 resin was mixed with HGM 

and PCM for 5 minutes and degassed. Secondly, the W342 hardener was added, and the 

stirring and degassing processes were repeated. The mixture was then poured into a 

silicon mold and left at room temperature for 24 hours. A final curing stage at 80 °C for 

6 hours was then conducted. 

 

Results and discussion  

 

As expected, neat epoxy resin shows the highest values in tensile, compressive, and 

impact properties, but the poorest performance on the other properties. It combines 

the highest value of impact strength and the lowest values of KIC and GIC. This sample 

also shows the lowest specific volume, enthalpy of fusion, and thermal resistance. The 

HGM-only filled samples show the highest values of thermal resistivity and specific 

volume, on the other hand, they resulted to be rigid and brittle. The PCM-only filled 

samples show as expected the highest values of enthalpy of fusion and surprisingly the 

highest values of GIC and KIC. The combination of the two fillers generates a material 

capable to balance all the tested properties giving the possibility of its use in new 

fields. This work showed that the combination of PCM and HGMs resulted in 

multifunctional materials with a promising combination of TES capability and specific 

mechanical properties. The resulting property set can be finely tuned simply by 

changing the filler relative fractions, which evidences noticeable adaptability to 

different applications in the electronics, automotive, refrigeration, and aerospace 

industries. 
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Introduction 

 

Recycling and sustainability of materials rise as urgent features for the construction 

sector. In this contest, the reuse of textile waste, which covers 38% of non-hazardous 

Italian waste, has recently attracted attention. In this work, the recovery of waste 

textile microfibers deriving from the finishing of fabrics is investigated into sustainable 

and low conductive Fiber-Reinforced Cement (FRC). 

 

Material and methods  

 

The morphology and composition of the waste textile microfibers are investigated 

through Fourier Transformed Infrared Spectroscopy technique and Scanning Electron 

Microscopy. Moreover, water content, water absorption and desorption in time are 

evaluated to predict the behavior of the fibers into FRC, thus perform a proper mix 

design. Untreated, water saturated and NaOH treated microfibers conditions are 

considered. Following a preliminary workability evaluation, the microfibers are 

introduced in Portland cement in 1%, 2%, 3%, 4% by weight. 40x40x160cm and 

30x30x3cm samples are cast and cured for 28 days, then tested to three points 

bending and thermal conductivity tests. Optical microscopy is finally involved in 

observing fiber dispersion into cement matrix and fiber failure mode after a three-

point bending test. 

 

Results and discussion  

 

The increasing fiber content enhances the maximum bending load of unreinforced 

Portland cement from 1.5 (1%) to 4 times (4%) and highlights a marked and gradual 

increase in toughness. Portland cement's linear shrinkage, which affects the material 

durability, is positively reduced from 20% to 80% by considering recycled textile fibers 

addition, and NaOH treatment is more effective. Stereomicroscopy confirmed a high 

fiber dispersion into the cement matrix and the crack bridging effect of fibers 

exploitation. Remarkably, FRC containing recycled textile microfibers significantly 

reduced the thermal conductivity, and the increase of fiber content improves this 

trend: 4% fiber content doubles the Portland insulation power. The recycling of waste 

textile microfiber from the finishing of fabrics is effective in FRC products. Indeed, in 

comparison with Portland cement, these systems are more sustainable and optimized 

in mechanical properties and power insulating. 
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Introduction 

 

The Additive Manufacturing (AM) technologies are no longer confined to development 

of prototypes only, and nowadays 3D printers are part of several production processes. 

The AM parts can be characterized by complex geometry, high customization, low 

production numbers and a minimum need for postprocessing. Medical research and 

industry are beginning to exploit the benefits of this layer-bylayer process, opening up 

new possibilities to produce unique, low-cost parts for each different patient. One of 

the most promising areas in these fields is tissue engineering, which major goal is the 

production of organs, aiming to end the shortage and drawbacks of donated tissues 

and organs. A limiting factor for the spreading and adoption of AM is the poor 

availability of biocompatible materials. In the past years, researchers have been 

developing and testing new printable materials capable of reproducing the 

extracellular matrix and supporting the proliferation, growth, and differentiation of 

stem cells. 

 

Material and methods  

 

The present study is focused on developing new materials for 3D scaffolds. In 

particular, we are investigating the PEGDA (polyethylene glycol diacrylate) based 

photopolymerizable biocompatible inks made conductive by the inclusion of 

conductive polymers (CPs). 

 

Results and discussion  

 

We produce a PEGDA ink compatible with commercial SLA 3D printers, which create 

each layer of a printed object by exposing a photocurable ink to an UV light. The 3D 

printed scaffolds show a good dispersion of the CP into PEGDA matrix and an 

appropriate electrical conductivity. The presence of CPs, like polyaniline, polypirrole 

and polythiopene, in the final inks can be efficiently exploited to produce bioscaffolds 

and biomedical devices able to support all those biological functions than need intrinsic 

electrical and ionic conductivity. The individuation of the proper dispersion conditions 

and of printing parameters for these bio-inks is the main criticality in the realization of 

a such hybrid ink. At this aim, a proper protocol has been optimized to perform an in-

situ photopolymerization of the CP monomer during the printing process. Moreover, 

morphological structural and functional analyses have been carried out to fully 

characterize the produce printed objects. 
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Introduction 

 

Improving the sustainability of plastic products is a great challenge, and nowadays an 

increasing number of bio-based matrices were industrialized. In the last decades bio-

derived, recyclable, and compostable plastics were extensively investigated, and one of 

the most important is poly(lactic acid) (PLA). On the other hand, PLA generally presents 

a rather limited fracture toughness with respect to oil-based polymers. This drawback 

could be partially overcome through blending technology with poly(alkylene 

furanoate)s (PAF)s since they are characterized by high barrier properties and high 

toughness, especially the ones with long alkyl chains. The aim of this work is the 

production of PLA/PAFs fiber for textile applications with, improved toughness and 

lower water absorption tendency compared to neat PLA, thereby tacking the main 

shortcomings of PLA. 

 

Material and methods  

 

The PLA used in this work was an Ingeo® biopolymer 4032D produced by NatureWorks 

LLC (Minnetonka, United States) in pellets form. Two different PAFs were used in the 

production of fiber blends: poly (1,8 octylene 2,5 furandicarboxylate) (P8F), and poly 

(1,12-dodecylene 2,5 furandicarboxylate) (P12F). Neat PLA, and PLA_xPAFs (x = wt% of 

PAFs) were dissolved in chloroform with a concentration of 0.75 g in 5 mL of solvent. 

The resulting solutions were spun into a non-solvent bath containing 80 vol% ethanol 

and 20 vol% methanol, with a velocity of 0.007 mL/min. 

 

Results and discussion  

 

From the DSC analysis, it was noticed that both the produced blends were immiscible 

since the glass transition temperature of PLA was unaffected by the presence of PAFs. 

Moreover, by increasing the PAFs content, the crystallinity content increased. Tensile 

tests evidenced a steep decrease in the mechanical properties by increasing the P8F 

content for PLA_xP8F fiber blends, probably correlated to the low adhesion between 

the P8F domains and the PLA matrix. Instead, PLA_xP12F fiber blends reported 

mechanical properties comparable to that of neat PLA fibers. Thus, by applying a draw 

ratio of 1.7 and 2.7 to PLA_20P12F fibers, an increase in the strain at break of 303 % 

and 220 %, respectively, in comparison to PLA fibers, was obtained. 
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Introduction 

 

Our dependence on rubber is clear, just think of the world of transport in general. It 

was estimated that the consumption of natural rubber in the year 2020 was 27 million 

tons of which more than 70% was used for the production of tires. About 800 million 

tires worldwide reach their end of life each year and much of the rubber that they are 

made, which represents about 50% of their weight, is lost. To effectively close the 

cycle in a circular economy view, such material at the end of its life must be used for 

the production of new tires. To achieve this, devulcanization technology is one, if not 

the only opportunity to achieve this goal. This technology uses the different binding 

energy between C-C and S-S bonds to selectively break these last bonds involved in 

vulcanization by applying high shear stress and heat. 

 

Material and methods  

 

The starting material was tires buffing, a waste material that comes from scraping the 

tread of end-of-life tires before they are covered with a new one. The shear stress for 

devulcanization was provided by a DIY roll mill machine. This machine is characterized 

by a fixed speed ratio of 1.5, two speeds were considered: 100 and 200 RPM and during 

processing the rubber was cyclically loaded inside the rollsfor forty times. 

Devulcanized rubber was re-vulcanized in a hot plate press at a temperature of 180ºC 

and a pressure of 5 MPa upon compounding with accelerants TMTD and ZDBC, 

commonly used in rubber manufacturing. 

 

Results and discussion  

 

The degree of devulcanization was calculated from toluene swelling according to ASTM 

and it reached notable values of about 75%. Re-vulcanized rubber has shown 

impressive mechanical properties for a recycled material. The stiffness of these 

compounds was found to be related with the percentage of vulcanization, that had 

been controlled by the introduction of accelerants and thus more S-S bonds were 

generated. Strain at break was higher when the accelerators were not added reaching 

considerable values of 250 %, while the stress at break did not change significantly 

among all the samples. In this study, it was highlighted that rubbers waste can be 

devulcanized efficiently by a mechanical treatment and with the correct process 

interesting mechanical properties can be achieved with the re-vulcanization of the 

treated material. This not only gave us the opportunity to reuse end of life tires in 

marginal applications but also the hope of closing the manufacturing cycle by 

producing tires from waste material. 

 

 

 

P27 



 

 

HER AND SERS PERFORMANCE OF A LOW-COST NANOPOROUS GOLD OBTAINED 

FROM DEALLOYING AuFe2 METASTABLE PRECURSOR 

 
Scaglione F1,2, Raj D1, Palumbo M1,2, Fiore G1,2, Rizzi P1,2 

 
1Department of Chemistry, University of Turin, Turin, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), 

Florence, Italy 

 

Introduction 

 

Nanoporous (NP) metallic materials are an innovative class of materials which are taken 

importance in various application fields thanks to their unique physical and chemical 

properties. The morphology of a NP metal is composed of pores and ligaments in a 3D 

scaffold made of an almost pure metal. Nanoporous gold (NPG) is one such promising 

NP metal applied in electrocatalysis, SERS, as sensors etc. making use of its peculiar 

properties, i.e., free-standing samples, mechanical resistance, optical properties, high 

surface area and high catalytic activity. 

 

Material and methods  

 

A low-cost NPG was prepared by chemical dealloying of a Au33Fe67 supersaturated solid 

solution, whose ribbons were obtained by rapid solidification. Dealloying was carried 

out in 1 M HNO3 at 70 °C. Samples were investigated using XRD, FESEM and EDS 

techniques. The electrocatalytic activity of NPG towards the Hydrogen Evolution 

Reaction (HER) was evaluated in 0.5 M H2SO4 using the standard three-electrode cell 

configuration, i.e., saturated Ag/AgCl double-bridge reference electrode, Pt-grid 

counter-electrode and the NPG sample as the working electrode respectively. 

SERS measurements were performed with a Renishaw inVia Raman Microscope with 

785 nm laser line with an acquisition time of 20 s, a 50×ULWD objective and 0.05 % 

power at the surface; 4,4’-bi-pyridine (bipy) dissolved in ethanol with concentrations of 

10-9 M, 10-12 M and 10-15 M was the selected probe molecule. 

 

Results and discussion  

 

Taking advantage of its large surface area the NPG sample was tested for its 

electrocatalytic activity in HER. Results show low values of onset potential (-4 mV) and 

Tafel slope (47 mV dec-1), high exchange current density (0.12 mAcm-2) and a remarkable 

stability of more than 20 h. Surface-Enhanced Raman Scattering (SERS) was also 

explored using bipy. Strong SERS effect was observed with low detection limit of 10-15 

M. The NPG sample works as a durable alternative to Pt for HER as well as an 

economical and highly sensitive SERS-active substrate for potential applications in life 

science and ultrasensitive instrumentation. Furthermore, a metastable precursor was 

obtained from an immiscible Au-Fe system. Pairing Au with cheap and abundant Fe and 

fabricating an Fe-rich precursor gives an exceedingly cost-effective starting material. 

No usage of critical raw materials is involved. Then, employing a straight-forward and 

rapid dealloying procedure to obtain the NPG sample, makes for an overall inexpensive 

and sustainable production. 
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Introduction 

 

In fiber-reinforced polymer composites, the interface between the matrix and the 

fibres dictates the properties of the final component. After a damage event, a self-

healing interface could restore the interaction between the two phases, if subjected to 

external stimuli, for example to heat. The healing process extends the service life of the 

composites, reducing the waste and the repairing costs, therefore improving the 

sustainability. This work is focused at depositing a biodegradable polymeric coating on 

the glass fibers surface to provide the healing of the interface. 

 

Material and methods  

 

FacilanTM Polycaprolactone (PCL) was provided by 3D4makersB.V. as a continuous 

filament. The solvent displacement technique was used to reduce the filament to PCL 

nanoparticles dispersed in solutions (0.05%wt, 0.1%wt, 0.5%wt). These were used as 

sources to coat WINDSTRAND® glass fibers (GF) (Owens Corning) by electrophoretic 

deposition (EPD). The obtained coated fibers were observed by Scanning Electron 

Microscopy (FESEM). The interface healing was performed by heating micro 

composites, prepared by depositing a single micro drop of an epoxy resin on the coated 

fibers, at 80°C for 1h. From the micro debonding tests, the healing efficiency (HE%) was 

calculated as the ratio between the interfacial shear strength (IFSS) after (IFSSPCL_2) 

and before (IFSSPCL_1) the healing process, as reported by Equation 1. 

 

HE%=(IFSSPLC_2/IFSSPCL_1) ·100         (1) 

 

The friction contribution along the fibers surface and the epoxy partial melting during 

the heating step were also considered and subtracted from the calculated healing 

efficiency. 

 

Results and discussion  

 

From FESEM analysis, a good and homogeneous PCL nanoparticles deposition on the 

glass fibers surface was observed. Increasing the solutions concentration, the applied 

voltage and the deposition time during the EPD process, the amount of deposited 

coating on GF increases. Interesting results were obtained from the healing process 

that indicates a recovery of the interfacial shear strength of 50% than the initial 

fiber/matrix interface. PCL nanoparticles deposition on the glass fibers provides 

homogeneous and high quality coatings that allow a 50% recovery of the initial 

mechanical properties of the composites, in terms of IFSS, after the healing of the 

broken fiber/matrix interface, delaying the end of life of the component. 
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Introduction 

 

Materials with thermal energy storage capability can be an interesting strategy for the 

reduction of energy consumption of buildings and for decreasing greenhouse gases 

emissions. In this work, an alternative foaming method, called salt leaching, has been 

used for the production of polyethylene foams containing a microencapsulated phase 

change material (PCM). 

 

Material and methods  

 

Polyethylene ELTEX A4040P, polyethylene glycol, NaCl and MPCM24 microcapsules 

containing a wax with melting point of 24 °C, were mixed in a melt compounder, then 

compressed, then immersed in boiling water for 3 hours in order to obtain a proper salt 

dissolution and finally dried. In order to characterized the obtained foams, density 

measurements, microstructure evaluation (water uptake and SEM) thermal analysis 

(DSC, TGA and Infrared Thermography Analysis) and mechanical tests (tensile and shore 

hardness A) have been performed. 

 

Results and discussion  

The produced foams were characterized by density values around 0.4 g/cm3 and open 

porosity around 60 %. The increase of PCM content in the foams, led to a density 

increase. The production process caused a partial loss of PCM, resulting in 

melting/crystallization enthalpy values, measured through DSC, up to 50 J/g. 

Infrared thermography analysis demonstrated that the time required for the samples 

to reach a set temperature, thanks to the presence of PCM, was up to two times higher 

with respect to the reference sample. From mechanical tests it was observed values of 

specific elastic modulus from 50 to 100 MPa·cm3/g and specific stress at break from 1 

to 2.5 MPa·cm3/g. This work demonstrated that the salt leaching technique could be a 

very interesting method for the sustainable production of polyethylene foams for 

thermal energy storage applications. Evaluation of water uptake, SEM micrographs 

and density measurements allowed to investigate the morphology of the foamed 

samples, showing that the produced foams were characterized by an open porosity 

with an interconnected structure. Thermal analysis showed that these materials were 

able to store/release an interesting amount of thermal energy, therefore they could be 

a good solution for improving the thermal management of a building reducing its 

energy consumption. 
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Introduction 

 

With development of directed energy deposition (DED) technology beside building 

complex metal parts, possibility of using it in repairing of worn or/and broken metal 

parts and upgrading simple ones is investigated. Since repairing with different 

substrate/deposited metals became achievable goal, industries expressed their 

interest on it. Consequently, in order to repair high value metal tools, it is necessary to 

investigate the influence of deposited material on the substrate material. In addition, 

with joint quality, material microstructure and mechanical properties need to be 

evaluated. 

 

Material and methods  

 

Single tracks (STs) were built using 316L gas atomized powder on a high wear 

resistance D2 tool steel substrate with high carbon and chromium contents. STs were 

obtained using strategy of combination of deposition with or without preheating 

substrate and with or without remelting STs, all preformed with a DED laser head. STs 

were then analysed on top and in cross-sections by optical microscopy. Geometrical 

characteristics of melt pools were evaluated after polishing and etching cross-

sections. The mechanical property that was monitored was hardness, which was 

measured on substrate and melt pools. 

 

Results and discussion  

 

At look at on top analysis it presented well deposited STs. However, results by cross-

section image analysis indicate that applying preheating and remelting significantly 

modifies melt pool geometry which leads to better joint between two materials. 

Moreover, it showed forming of cracks close to some melt pools. Hardness 

measurements reported hardness reduction in zones of preheating passes. The results 

indicate that the optimization of preheating and remelting parameters could be crucial 

in avoiding cracks. The high carbon content in the substate material makes it sensitive 

to thermal shocks leading to cracks formation close to melt pools. STs method allows 

to use smaller amount of high value powder and base material in order to give suitable 

process parameters for repair of substrate material. 
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Introduction 

 

Batteries are widely used today and their energy density has been improving over the 

past years. However, the necessity to move towards a more sustainable economy 

based even more on renewable energy sources is further pushing the global demand 

for more efficient, safe and cheap energy storage systems, as represented by solid 

state batteries. Besides improving the current state-of-the-art Li-base solid state 

batteries, alternatives based on cheaper and more available elements, such Na, Ca and 

Mg, are being explored. Computational methods can help the current search for better 

batteries, for example by improving our knowledge of the processes determining ion 

conductivity in electrolytes and reducing the time and cost of designing new materials. 

 

Material and methods  

 

Pathways for ion diffusion in different crystal structures of candidate electrolytes 

materials were first explored by topological analysis with TOPOS and TOPOND 

computer programs. Plane-waves DFT codes such as Quantum Espresso, VASP and 

CRYSTAL were used to calculated properties of the relaxed structures, defects 

formation energies and the activation barrier for ion migration using the Nudged 

Elastic Bad (NEB) approach. 

 

Results and discussion  

 

Li- and Mg-base solid-state electrolytes with different crystal structures such as 

LiBH4, LiNH2, Li2NH, Mg(BH4)2(NH3BH3)2, have been investigated in this work. The 

preliminary topological analysis of possible pathways for ionic diffusion inside each 

crystal structures allowed us to select the most promising ones, which were then 

further analyzed using DFT. The crystal structures were fully relaxed and properties 

such as crystallographic parameters, IR and Raman spectra were computed and 

compared with available experimental data. NEB calculations were carried out to 

determine the energy barrier for ion migration. Calculations of defect formation 

energies were also carried out in order to determine the activation energy for ion 

conductivity in the investigated materials. The ensemble of results obtained allowed us 

to validate the current approach by comparing several calculated quantities with 

available experimental results. Furthermore, the computational results have proved 

useful in elucidating factors which affect ion mobility in complex structures. 
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Introduction 

 
The use of ground waste tire rubber (GWTR) in concrete mixtures results in valuable 

benefits, like lower unit weight, increased toughness and ductility, and more efficient 

thermal and acoustic insulation. Besides, replacing the traditional mineral aggregates with 

recycled rubber can alleviate disposal problems and address the growing global concern 

about the need to preserve natural resources. Remarkable mechanical losses due to the 

incorporation of rubber aggregates into cementitious matrices hinder the potential 

application of these materials in the civil sector. Past research demonstrated that it is 
possible to maintain suitable mechanical strengths by developing mix designs with very 

low percentages of polymeric fraction (up to 20 v/v%), which considerably limit the benefits 

of GWTR in terms of eco-sustainability and engineering functionality. The aim of this study 

was to develop and characterize novel sandwich composites using rubber-cement mixes 
(100 v/v% GWTR) as lightweight core material and stiff face skins made of standard cement 

mortar. Based on the well-known “philosophy” of sandwich technology, it is attempted to 

combine the high mechanical stiffness of the outer cementitious layers with the 

technological characteristics of the rubberized core to obtain a final product having 
optimized properties in terms of thermo-acoustic attenuation, toughness, and specific 

strength and stiffness. 

 

Material and methods  

 

Starting from a control Portland mortar, several rubber-cement mix designs were 

developed by partial/total replacing the sand with two GWTR fractions (0-1 mm rubber 

powder and 1-3 mm rubber granules). Mechanical, thermal, and acoustic tests, 

combined with microstructural analysis, were performed to identify the best 

candidates for the core material. Then, 100x150x50 mm sandwich slabs (face skins and 

core 10 and 30 mm thick, respectively) were produced by a three-step casting method. 

After 28 days of curing, laboratory specimens were extracted for the physical-

mechanical characterization and comparison with the bulk materials. 

 

Results and discussion  

 
The size gradation of GWTR significantly affects the properties of the cement mortars: the 

finest fraction promotes better microstructural compaction and thermal insulation 
performance. Adding the coarser rubber aggregates significantly improves the toughness 

of the material. For this reason, sandwich composites have been made with two different 

“sand-free” core formulations: 100 v/v% rubber powder and 50 v/v% rubber powder-50 

v/v% rubber granules. Preliminary test results on the samples highlight interesting findings 
in terms of mechanical and thermo-acoustic performance, which can be considered as a 

“benchmark” for future design optimization, by finite element modelling, of the sandwich 

configuration (skin-core-skin thickness ratios) and upgrading of the production technology. 
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