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S$S1.1 ALUMINIUM-ASSISTED ROOM TEMPERATURE DEPOSITION FOR
ELECTROLESS Ni AND NiP COATINGS: A COMPARATIVE STUDY

Marco Contil, Laura Paglia’, Virgilio Genova', Giulia Pedrizzettil, Lidia Baiamonte!, Francesco
Marra’, Giovanni Pulci!

' Department of Chemical Engineering, Materials, Environment, Sapienza University of
Rome, INSTM Reference Laboratory for Engineering of Surface Treatments, Via Eudossiana,
18 - 00184 Rome, Italy.

E-mail corresponding author: m.conti@Quniroma l.it

Electroless nickel plating baths typically consist of various components such as complexing
agents, nickel salts, reducing agents, buffering agents, and stabilizers. Among these,
reducing agents such as NaH2PO2, KBH4, and N2H4- H20O have been widely used to
prepare nickel coatings. The electroless reactions require a sufficient potential barrier, which
is usually achieved through heating the bath. For the deposition of pure Ni and NiP coatings,
the typical temperature range for the deposition bath is between 80 and 95 °C. Maintaining
high temperatures in industrial tanks with a high capacity involves a significant energy
expenditure that contributes to high production costs and adverse environmental impact.
Lowering the deposition temperatures is a potential strategy to mitigate this issue, but it
requires overcoming the activation energy barrier for deposition reactions. The feasibility of
using lower-temperature baths, including room-temperature baths, is dependent on
identifying and utilizing a non-thermal energy source. It is widely recognized that aluminum
is an effective material for initiating electroless nickel plating on some substrates through a
process known as aluminum-induced activation. Specifically, aluminum can serve as an
electron source to promote the plating process. Drawing inspiration from the phenomena
discussed above, here is present a novel and straightforward electroless plating method for
depositing Ni coatings. In this study, we utilized aluminum as non-thermal energy source,
replacing traditional and expensive thermal energy source. The plating bath employed in
our method contained both Ni source and the reducing agent but is performed at room
temperature. To perform the plating process, substrates connected fo aluminum were
directlyimmersed into the plating bath atroom temperature. This method yielded both pure
Ni and NiP coatings. To assess the effectiveness of this approach, a comparative analysis
was conducted between the Al-assisted coating and a coating produced using the
fraditional electroless heating bath method.
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$1.2 NOVEL SILICA AEROGEL-POLYURETHANE COMPOSITES FOR THERMAL
INSULATION

Alessandro Fraleoni Morgera!”, Mohsen Afshani!, Sergio Montelpare!, Camilla Lops!

I Dipartimento di Ingegneria e Geologia, Universita di Chieti-Pescara, Viale Pindaro 42,
65127 Pescara, Italia

E-mail corresponding author: alessandro.fraleoni@unich.it

Polyurethanes (PUs) are well known for their chemical versatility, which allows to prepare
them as either rigid or flexible materials, depending on the chosen starting monomers. They
also have an inherently low thermal conductivity A (about 0.18 W/mK), which can be further
lowered to 0.015-0.030 W/mK in foamed PUs, i.e. porous PUs filled with gases having a low
thermal conductivity. However, in PU foames the filling gas tends fo escape with time upon
relatively short times (days/weeks), causing a progressive increase of A fowards the 0.18
W/mK value typical of the solid (i.e., non-foamed) PU.

In order to achieve an effective thermal insulation performance able to last in time, it is
hence desirable to identify appropriate PU-based formulations. One possible strategy is to
realize a composite with solid PU as the matrix and a solid filler characterized by very low 4,
such as silica aerogel (SA), which when taken alone can reach indefinitely lasting thermal
conductivities down to 0.015 W/mK.

Here we present some results of this approach, related to the thermal behavior of a
composite based on elastomeric PU as the matrix and silica aerogel as the filler. In more
detail, we found that it is possible to realize homogeneous composites with SA loadings up
to 20% W/W, and that such composites have a thermal conductivity about 13% lower than
that of the pristine (i.e., pure), starting PU. Tests on the evolution of the thermal conductivities
of such composites are ongoing, with preliminary results indicating that the lower A of these
composites does not decay appreciably over time spans of about ftwo weeks.
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S$1.3 DEXTRAN-BASED SYSTEMS FOR BIOMEDICAL USE: SYNTHESIS,
CROSSLINKING AND CHARACTERIZATION

Miriam Cappello!”, Niccoletta Barbani!, Caterina Cristallini2, Giovanni Polacco!, Maurizia Seggiani’,
Sara Filippi!

I Dipartimento di Ingegneria Civile e Industriale, Universita di Pisa, L.go L. Lazzarino, 2,
56122, Pisq, Italia

2 CNR, Istituto per i Processi Chimico-Fisici, IPCF ss Pisa c/o L.go L. Lazzarino, 2, 56122, Pisa,
Italia

E-mail corresponding author: miriam.cappello@unipi.it

In the last decades, natural polysaccharides have gained great interest in cosmetics,
pharmaceutical, and biomedical applications. Chitosan, alginate, hyaluronan, gellan gum,
and dextran are the most used polysaccharides as biomaterials. In recent years, dextran-
based materials were developed for drug delivery use, column chromatography
application, and cell culture technology. The dexfran macromolecules show high
resistance to protein adsorption due to their hydrophilicity. This is an important property
required by implantable medical devices and drug or protein-targeting carriers, so dexfran-
based materials are suitable for the coating of biomedical implants and drug delivery
systems. Polyelectrolytes such as chitosan, polyallylamine, polystyrene sulfonate, and
polyacrylic acid, are commonly used for layer-by-layer coating techniques. In this work, new
materials based on dextran methacrylate (DexMA) and polyacrylic acid (PAA) were
developed to obtain bioartificial materials that combine polyelectrolyte properties with
high anti-fouling characteristics due to polysaccharide moieties.

DexMA/PAA systems were prepared with different weight ratios and crosslinked by UV and
thermal treatments. The hydrogels obtained were characterized by a morphological (SEM)
and physico-chemical (FT-IR, DSC, TGA) analysis before and after the crosslinking. Swelling
and mass loss tests were also performed.

Samples showed good chemical homogeneity due to molecular interactions between
DexMA and PAA. Untreated samples had a dense structure, on the contrary, the crosslinked
samples showed an inhomogeneous porosity. Concerning water stability, the crosslinking
freatments increased this property. The highest stability in water was shown by DexMA/PAA
samples photo-crosslinked by UV at 256 nm followed by thermal treatment.
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$1.4 ENVIRONMENTAL APPLICATIONS OF ANODIC TiO2 FILMS FOR WATER
AND AIR PURIFICATION

Maria Vittoria Diamanti'™ Umberto Belle!, Luca Casanova'l, MariaPia Pedeferri!

I Dipartimento di Chimica, Materiali e Ingegneria Chimica “Giulio Natta”, Politecnico di
Milano, Via Mancinelli 7, 20131, Milano, Italia

E-mail corresponding author: mariavittoria.diamanti@polimi.it

The interest in titanium and its oxides keeps growing on account of their peculiar engineered
properties, which find applications in several fields, from architecture to bioengineering,
from automotive to photovoltaic cells and photocatalytic devices. There are several
methods that allow to grow titanium oxides, among which anodic oxidation has the nice
advantage of growing TiO2 nanostructures directly immobilized on a substrate, avoiding the
issue of nanostructure recovery from the medium. The experimental data here presented
will then focus on latest achievements in the field of environmental cleanup with anodic
TiO2 oxides. Such materials are often tested in purification devices, for both wastewater and
air freatment: the main goal is to achieve large surface area and high oxide crystallinity, in
order to ensure the formation of oxides with high photocatalytic activity. In this direction,
the production of self-aligned TiO2 nanofubes that stem vertically from the metal substrate
(Fig. 1) is particularly attractive, as it allows to achieve specific surface areas even two
orders of magnitude larger than the nominal one. Oxides are then tested in the degradation
of organic dyes as representative of possible water contaminants, and in the degradation
of volatile organic compounds (VOCs).

Figure 1. Morphology of nanotubular oxides employed in this work.

While dyes are often used to assess photocatalytic activity, typical tests are very far from
real wastewater treatment, as they involve one single dye in distiled water; to better
characterize the potential of these oxides, here we present the purification of multiple dye
mixes and the influence on the process of possible ions present in water. On the other side,
air purification was analyzed with a prototypal plug-flow reactor with different
concentrations of toluene, representing medium-high pollution levels typical of an industrial
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context. Results indicate a good potential of these oxides in practical applications (Fig. 2),

with a correct choice of the target environment.
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Figure 2. Left: Variation of degradation kinetics of methylene blue dye (MB) alone, in presence of rhodamine B
dye (RhB), direct red (DR), or both. Right: Toluene degradation extent (instant percent degradation and mass
degraded in 30 min of test) as a function of inlet toluene concentration, in presence of 50% RH.
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$1.5 ENHANCED PERFORMANCE OF MAGNETRON SPUTTERED LEAD FREE
PEROVSKITES THIN FILMS BY THERMAL TREATMENT

Nicola Calisi'2*, Stefano Martinuzzi', Emanuele Galvanetto!, Stefano Caporali' 2

I Dipartimento di Ingegneria Industriale, Universita degli Studi di Firenze, Via di Santa Marta
3, 50139, Firenze (Fl), Italy

2 Consorzio Interuniversitario Nazionale per la Scienza e Tecnologia dei Materiali (INSTM),
Distaccamento di Firenze, Via G. Giusti 9, 50121, Firenze (Fl), Italy

E-mail corresponding author: nicola.calisi@unifi.it

Perovskites are ones of the most promising materials for the realization of the new
generation of solar cells. Mixed organic-inorganic perovskites were the first ones proposed
but they presented low stability on Ambiental condition. By substituting the organic cations
with Pb2+ the stability of the materials increases but the presence of lead, toxic both for
environment and humans, is not practicable. Here we present an innovative way for the
deposition of the lead free totally inorganic Cs3Bi2I9 perovskite from vapor phase. By taking
use of a magnefron sputtering system equipped with a radiofrequency working mode
power supply and a single target containing the correct ratio of both Csl and Bil3 salts, it
was possible to deposit a perovskitic film on silicon and soda lime glass. The target
composition was optimized to obtain a stoichiometric deposition and the best compromise
was founded with a mix enriched with 20% w/w of Csl. Secondly, the effect of post
deposition thermal treatments (150 °C and 300 °C) and of the deposition on a preheat
substrate (150 °C) were evaluated by SEM, XRD and XPS techniques. The thermal treatment
at 150 °C improved the uniformity of the perovskite film without degrading it, the one at 300
°C damaged the perovskite deposited. By deposition the perovskite on a preheated
substrate at 150 °C the obtained film showed a higher crystallinity, and no degradation
phenomena was observed. An additional thermal treatment at 150 °C on the film deposed
on the preheated substrate was evaluated and it showed that the crystallinity remains high,
like the one of the not treated fiim, but the morphology was more uniform, and no
degradation phenomena was observed.
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Figure 1. SEM images of (a) pristine perovskite film, (b) perovskite film annealed at 150 °C, (c) perovskite film
annealed at 300 °C, (d) perovskite film deposed on preheated substrate at 150 °C and e) perovskite film
deposed on preheated substrate at 150 °C and annealed at 150 °C.
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S$1.6 FABRICATION OF MULTIFUNCTIONAL GO-CNT@PCL CORE-SHELL
NANOCOMPOSITES WITH SPIDER LEG BIOINSPIRED HIERARCHICAL
ARCHITECTURES USING WET ELECTROSPINNING-ASSISTED SELF-ASSEMBLY

Michele Gammino!”, Andrea Maio!, Roberto Scaffero!

I Department of Engineering, University of Palermo, Viale delle Scienze, ed. 6, 90128,
Palermo

E-mail corresponding author: michele.gammino@unipa.it

This work highlights the importance of developing efficient fabrication and modification
strategies for the simultaneous removal and recovery of chemical contaminants from
water, in compliance with circular economy and zero-waste guidelines. The optimization of
absorbent materials requires a multidisciplinary approach, including knowledge of
processing technology and surface engineering. Adequate levels of porosity, surface areq,
and roughness, along with tailored wettability, are crucial to allow efficient removal, while
mechanical robustness is necessary to withstand severe external stresses without causing
secondary pollution. Nanomaterials such as metal organic frameworks, nanoclays, carbon
nanotubes, and graphene or graphene oxide have shown excellent sorption
performances. However, their difficulty in handling and removing from water requires them
to be incorporated or anchored into various substrates with well-defined morphology.
Porous core-shell nanocomposites, having a flexible polymeric skeleton coated with GO-
CNTs as active compounds, offer the possibility to conjugate the easy processability and
good mechanical properties of polymers with the adsorption performance ensured by the
surface characteristics of external sheath. Unfortunately, the current protocols involve multi-
step procedures, whose laboriousness increases as the morphological and functional
complexity of hierarchical structures increases. This study presents a novel approach to
fabricating nanohybrid structures, consisting of a 3D fibrous network of polycaprolactone
(PCL) wrapped by graphene oxide (GO) sheets with carbon nanotube (CNT) brushes
anchored ontfo the GO sheets. The method involves electrospinning PCL solutions onto a
suspension of GO and CNTs in ethanol, resulting in self-assembly through electrostatic
wrapping of GO sheets around PCL fibers and m-11 stacking between GO and CNTs. The
resulting monoliths are lightweight with 99% porosity and exhibit a 1575% stiffness
improvement. The nanopatterned surface allows for efficient removal of methylene blue
and/or methyl orange from stagnant water with approximately 100% efficiency. Overall, this
approach offers a fast and efficient way to design multifunctional nanohybrid structures
with enhanced mechanical properties and improved removal of chemical contaminants
from water.
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S$1.7 DEVELOPMENT OF A NOVEL DRUG DELIVERY SYSTEM FOR ORAL
CANCER TREATMENT

Alessia D' Andrea!”, Elena Mazzinelli2, Alessandro Arcovito?, Giuseppina Noccaz?, llaria Cacciotti!

I Department of Engineering, INSTM RU, University of Rome Niccolo Cusano, Via Don Carlo
Gnocchi 3, 00166, Roma, Italia

2 Dipartimento di Scienze Biotecnologiche di Base, Cliniche Intensivologiche e
Perioperatorie, Universita Cattolica del Sacro Cuore, Roma, Italia

E-mail corresponding author: alessia.dandrea@unicusano.it

Squamous Cell Carcinoma (OSCC) is one of the most common forms of oral cancer [1]. It
can affect every section of the oral cavity, and among its risk factors alcohol consumption
and smoking [2], but also infection by Human Papilloma Virus [3] can be cited.

This kind of cancer is often diagnosed in advanced stages, thus complicating the treatment
and decreasing the survival rate [4].

The most common therapies involve surgery, ionising radiation treatment, or a combination
of both [5], but they all present several drawbacks, both physical and psychological,
among which a demanding recovery and general toxicity effects on healthy cells, tissues
and organs due to chemo/radiotherapy.

Hence, the rising effort to devise alternative approaches and promote a pharmacological
strategy. In this work, we tried to develop an innovative Drug Delivery System (DDS) to ensure
an improved local freatment of the cancer with sustained release of corticosteroids, such
as dexamethasone.

The DDS we developed and analysed consisted in poly-e-caprolactone (PCL) and poly-
lactic acid (PLA) microspheres. Their production procedure was devised and honed. The
microparticles were prepared both empty and loaded with the drug. The obtained particles
were observed at Scanning Electron Microscopy (SEM), and their thermal properties studied
by Differential Scanning Calorimetry (DSC). The loading capacity was determined, the drug
release was studied and cytotoxicity tests with murine fibroblasts were performed.

After the consolidation of the production process and the characterisation of the system,
we proceeded with the engineering of a polysaccharide paste to encapsulate and carry
the microspheres, in order to promote mucoadhesion on the freatment site and further
modulate the drug release kinetics from the microparticles.
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$1.8 DEVELOPMENT OF ASYMMETRIC GEOPOLYMERIC MEMBRANE FOR
WASTEWATER TREATMENT

Giulia Masil”, Alessandro Filipponi'!, Maria Chiara Bignozzi!

I Dipartimento di Ingegneria Civile, Chimica, Ambientale e dei Materiali, Universita di
Bologna, Via Terracini, 28, 40131, Bologna, Italy

E-mail corresponding author: giulia.masi5@unibo.it

Microfiltration membranes for wastewater treatment are usually produced with ceramic or
polymeric materials. While ceramic membranes exhibit great durability, polymeric ones are
often preferred due to the production costs. An emerging route is the use of geopolymers
to produce asymmetric and self-sustained membranes. This material exhibits outstanding
durability properties, considerably low production costs and environmental impacts,
because the sintering process could be avoided by using geopolymers. For this reason, this
study aimed at developing an asymmetric membrane for microfiltration, completely
produced by geopolymer. Firstly, the preparation of a pressed geopolymeric support was
optimized by ranging the fundamental molar ratios of the mix designs, the water content,
and the forming pressure, as shown in Figure 1.

ASYMMETRIC
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FOR MICROFILTRATION
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Figure 1. Schematic representing the ratio of this study: on the left, the optimization of the membrane support
obtained by pressing and on the right the performance of the whole membrane in terms of permeability to
pure water.

The optimised parameters for membrane support preparation are the application of SMPa
of uniaxially pressing to a dry mixed powder consisting of metakaolin and anhydrous sodium
silicate, sprayed with 12 wt% water. It was found that the porosity and the permeability to
pure water (obtained with a dead-end geometry at a frans-membrane pressure in the
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range of 0.2 - 0.5 bar) of the pressed supports are comparable to those of ceramic
membranes for microfiltration.
Then, a selective layer prepared by mixing metakaolin, sodium silicate and 8M sodium

hydroxide solutions was deposited by spatula coating. The obtained layer shows a thickness
of 40 um and a pore size in the range of 0.1.-1.0 um. Permeability and rejection of the
obtained asymmetric membrane fo pure water and oil-water emulsions was carried out
with transmembrane pressures below 1.2 bar, showing comparable performances with
commercial ceramic membranes (Figure 1). This suggests that the developed microfiltration
geopolymeric system is a suitable alternative to ceramic membranes, in terms of
performance, production cost and environmental sustainability.
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$1.9 CHITOSAN-BASED POROUS MICROSPHERES FOR TUNING FOOD
PACKAGING FILMS PERMEABILITY

Andrea Fiorati'2*, Matteo Cordara'2, Lorenzo Bonettil, Luigi De Nardo!2

I Department of Chemistry, Materials, and Chemical Engineering “G. Natta,” Politecnico di
Milano, Milano, Italy

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

E-mail corresponding author: andrea.fiorati@polimi.it

Edible and compostable films with tuneable barrier properties are particularly interesting for
food packaging applications: the biomimetic approach simulating plant stroma recently
emerged as a strategy to design active barrier properties. 1 In this work, we prepared porous
chitosan microspheres employed as filler for methylcellulose (MC)-based films (figure 1) to
modulate O2/CO2 permeation in fresh produce packaging. The microspheres are obtained
by a sharp pH change of a chitosan/PEG in paraffin water-in-oil emulsion, followed by a
PEG removal. The process results in porous particles with a diameter of 10 + 3.5 um and
submicrometric porosity, which can be tuned by post-producing freatments such as freeze-
drying (figure 1b and 1c). The microspheres were then treated with tannic acid to reduce

oxygen permeability.
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Figure 1.(a) Schematic representation of hybrid film design approach, (b) SEM micrograph of a porous
chitosan microsphere, (c) dimensional analysis of the microspheres, (d) Young's modulus of hybrids films, (e)
water vapor permeabilities, and (f) oxygen permeabilities.

The films were prepared by casting solutions containing MC and different amounts of stearic
acid (SA) and microspheres and then characterized via quasi-static tensile tests, DMA,
water vapour, and oxygen permeability.
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Adding Stearic Acid decreases the water vapour and oxygen permeability (80% and 20%,
respectively) compared to pure methylcellulose. In addition, SA showed a plasticizing effect
(lowering the oB of 65% and Young's modulus of 65%, compared to pristine MC)
comparable to the one obtained by a common plasticizer (triethyl citrate), figure 1d.

Adding the porous particles modulates the permeability to water vapour and oxygen (190%
and 250% increase, respectively). The tannic acid particle treatment increases by 54% the
water vapour permeability while further reducing the oxygen permeation by 45%,
compared to the control (figure Te and If).

These results demonstrate the fine-tuning of the barrier properties of hybrid films simply by
controlling the microsphere morphology, concentration, and chemical modification,
paving the way for a customizable platform for materials for food packaging.
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Understanding the main steps involved in the activation of passive metals is an extremely
important subject in the mechanical and energy industry and generally in surface science.
The titanium-H2804 system (Figure 1Q) is particularly useful for this purpose, as the metal can
either passivate or corrode depending on its potential. Although several studies tried to
hypothesise the surface state of the metal, there is no general consensus about the surface
state of Ti in the active-passive transition region.

In the present work, by combining in-situ atomic force microscopy (AFM) and Raman
spectroscopy, operating in an electrochemical cell containing 40 %v/v H250O4, we show
that the cathodic polarization of Ti electrodes causes the dissolution of the upper TiO2
portion of the passive film, with formation of electronic defects (Figure 1b), leaving the
electrode covered by only a thin layer of titanium monoxide.

Figure 1. (a) pristine Ti Gr. 2 surface; (b) optical image showing fluorescence due to oxide reduction; (c)
image showing formation of a concentration cell.

Fast anodic reactions involved the local acidification of the solution and accumulation of
sulphur containing anions at the metal surface. This produces a local increase of the solution
furbidity, as in Figure 1c, allowing to distinguish favourable regions for the precipitation of
TIOSO4 2H20.
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These results give a clear answer to the long-stated question of the physical origin behind
the formation of negative polarization resistances, sometimes occurring in corroding
systems, and a rationale about the proton-induced degradation of passive surfaces in
presence of sulphur containing species.
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E-mail corresponding author: giulia.calabrese 1 @studenti.unime.it

One of the main challenges for today’s society is to find alternative energy sources to fossil
fuels. Hydrogen is the most suitable candidate because it has a high energy density (33.33
kWh)and its only reaction product is H20. Due to extremely low density of this gas, solid-
state storage system is the most viable solution.[1] As alternative and promising materials for
this purpose we are evaluating perovskite oxides because these materials have a high
thermal stability, they are relatively active, they allow the exploitation of a great variety of
elements in the composition while maintaining the basic sfructure unchanged and, to
improve its efficiency, it is also possible to easily vary the stoichiometry.[2] Specifically, we
are considering ABO316 type perovskite oxides with a non-stoichiometric content of oxygen
to investigate whether the presence of oxygen vacations can promote the amount of
hydrogen absorbed. We are also evaluating the addition of small amounts of Pd0, which
should promote the dissociation of hydrogen and, therefore, improve the ab/desorption
kinetics of this gas. Among the investigated materials, CaMnO3 (CM) is the most promising
in terms of hydrogen storage. The H2 absorption and desorption analysis as a function of
pressure were carried out with a High Pressure Gas Sorption Analyzer (i-Sorb Anton Paar).
Measurements carried out at 40 bar of H2 and at different temperatures have shown that
the non-stoichiometric amount of oxygen affects the hydrogen storage capacity. In
particular, the structures with an excess of oxygen exhibit a higher H2 absorption capacity.
In fact, at 100 °C, CM absorbs 0.44 kg/m3 of H2 and the uptake of H2 for CMO316 is 0.98
kg/m3. Moreover we observed that, in the same conditions, these materials in presence of
Pd0 absorbs 12.88 kg/m3 and 44.95 kg/m3 of H2 respectively. Ongoing activities are
focused on investigating the gas release conditions and on eventual structural
modifications.
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Carbon fibre reinforced polymer (CFRP) laminates represent a class of materials widely used
in different sectors (automotive, aviation, aerospace) thanks to their excellent properties as
high specific stiffness and strength, and durability (higher corrosion resistance compared to
metal alloys). However, because of their anisotropic nature, CFRP suffers delamination as
the main internal damage which leads to a significant decrease in the mechanical
properties of the laminate. Different techniques have been proposed to mitigate this issue
and, among them, interleaving thermoplastic veils can be considered a solution that allows
to obtain a homogeneous distribution of the reinforcing material in specific locations. Thanks
to the electrospinning process, it is possible to produce veils with a high surface/volume ratio
without altering the overall thickness and weight of the final laminate. In this work,
commercial polyamide electrospun veils have been used as interleaves to toughen the
CFRP laminates. The laminates were manufactured by stacking 20 carbon/epoxy prepreg
plies and the neat CFRP properties were compared with those of two configurations
(interleaved with six electrospun veils) to study the effect of the veils position (Figure 1). All
materials were tested under dynamic (low velocity impact- LVI) and quasi-static (four-point
bending test) conditions. LVI tests were performed at three energy levels (10 J, 20 J and 30
J) and three temperature conditions (-50 °C, 25 °C and 100 °C). The effect of the impact
event was analyzed by ultrasonic tests (damaged area through-the-thickness), non-
contact laser profilometry (dent depth) and scanning elecfron microscopy. The results
collected clearly showed the effect of the veil position on the mechanical properties and
the damage folerance of the laminates.
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Low-temperature thermochemical heat storage (TCS) is fundamental for increasing the
efficiency of several industrial processes by storing wasted heat and re-using it on demand.
This technology exploits a reversible dehydration/hydration reaction of salt hydrates: A-
mH20O(s) & A-(m-n) H20(s) + n H20O(g) (m=n). We aim at progressing here by developing
innovative composite coatings made of an active TCS material and a water vapor
permeable polymeric matrix. Specifically, calcium L-lactate (Cal) pentahydrate has been
selected as a novel TCS candidate. This salf, other than a large heat storage capacity of
1021 kJ/kg, is inexpensive, non-toxic, non-corrosive, and non-flammable with respect to its
inorganic counterparts. Sulfonated polyether ether ketone (SPEEK) has been selected as
the matrix due to its water vapor permeability. For the coatings preparation, SPEEK was
solubilized in dimethylformamide (DMF), and then Cal is added at varying content (50-80%
wt.). The coating solution was deposited by drop-casting technique on aluminum strips. The
coatings undergo dehydration/hydration cycles under controlled temperature and
humidity conditions for testing their storage performances and integrity. Morphological,
structural, chemical, and thermochemical behaviors were investigated through
environmental scanning elecfron microscopy, X-ray diffraction, Fourier-fransform infrared
spectroscopy, adhesion tests, thermogravimetric analysis. As a main result, it was
demonstrated that SPEEK, being water vapor permeable, not only favors the mass fransfer
during the Cal hydration and dehydration steps but also enhances the re-hydration kinetics
with respect to Cal loose powder. Additionally, the flexibility of the matrix allows the volume
shrinkage/expansion of the salt caused by the cyclic dehydration/hydration reactions
without significant damage. These encouraging results demonstrate that Cal/SPEEK
composite coatings are a highly promising solution for TCS application.
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In this work, we investigated the sfructural, microstructural and mechanical properties of
Inconel 718 alloy employed in Laser Powder Bed Fusion processes for producing bulk
samples and lattice structures. The work was aimed at: 1) comparing fresh and reused
powders in terms of particle size distribution and powders morphology; 2) investigating the
structural, microstructural and mechanical properties of bulk samples produced by AM; 3)
studying the structural, microstructural and mechanical properties of three different lattice
structures: diamond (A), body diagonals (B) and rhombic dodecahedron (C) with relative
densities of 30%, 50% and 30%, respectively. Concerning the morphology of the powders,
no significant differences were observed between the fresh and reused batches. In the as-
built additively manufactured bulk sample, melt pools followed on xy plane (perpendicular
to growth direction) the laser scanning path, thus generating a microstructure elongated in
the scanning direction, while on xz plane (parallel to growth direction) melt pools assumed
an arc shape due to the presence of a thermal gradient, as shown by SEM microstructural
analysis. The overall microstructure shows a fine cellular/dendritic structure, indicative of a
very high thermal gradient and intermediate interfacial solidification rate, with equiaxed
and elongated grains on xy and xz planes, respectively.

In the lattice structures, structural and microstructural features similar to the bulk sample
were observed. Also the calorimetric traces of the bulk sample and lattice structures
showed similar signals, indicating that there are not significant differences between the two
sets of samples. Finally, concerning the compressive behaviour, the stress-strain curves of
structures A and C showed a sfress plateau, suggesting a bending dominated behaviour,
while structure B did not show such a feature and revealed larger values of elastic modulus
and yield stress as consequence of its higher density.
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Recent developments of high strength low alloyed steels (HSLA) for energy sector focused
on the need to target optimized combinations of strength, toughness and weldability at
industrial scale at affordable prices. Welds and heat-affected zones are critical when
considering structural integrity, specifically toughness and fatigue properties. In particular,
the inter-critically reheated grain coarsened heat affected zone (IC GC HAZ) has been
reported as one of the most brittle section of HSLA steels welds. The presence of
microalloying elements in HSLA steels induces the formation of some microstructural
constituents which can be detrimental to the mechanical performance of a welded joint.
Following double welding thermal cycle, with second peak temperature in the range
between Acl and Ac3, the formation of residual austenite (RA) can lead to a strong loss of
foughness and fatigue resistance in the IC GC HALZ The scope of the present study is to
investigate the effect of the vanadium addition on the behavior of the IC GC HAZ of a HSLA
steel (8355 grade). The influence of different V contents addition on microstructural
variation, formation of the RA fraction and precipitation state of samples subjected to
double pass welding thermal cycles is shown. Welding thermal cycles were reproduced
using a dilatometer at five different maximum temperatures of the secondary peak in the
inter-critical areaq, from 720 °C to 790 °C.

However, the amount of RA formed is not significant for inducing detfrimental effects in terms
of fatigue resistance (from the EBSD analysis the values of RA are always less than 0.6%
(Fig.1).

Moreover, the variant with the highest content of V (0.1 wt.%) showed the presence of Vrich
precipitates as measured by TEM with size smaller than 60 nm (Fig. 2), which was even below
15 nm for 50% of precipitates.

Moreover, the variants with higher content of V (0.1 wt.%) showed the presence of V-rich
precipitates with size smaller than 60 nm (Fig. 2), which was even below 15 nm for 50%
precipitates.
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Figure 1. Example of EBSD phase maps of $§355 steel grade micro-alloyed with 0.1 wt.% of vanadium. Red zones
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Figure 2. TEM micrograph of $355 steel grade micro-alloyed with 0.1 wt.% of vanadium. Highlighted are the fine
V-rich precipitates in the matrix.
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The applicability of innovative 3D-printed micro- and nano-architected ceramic
metamaterials is hampered by the lack of knowledge of their mechanical reliability.
Recently, the sensitivity of nano-ceramics’ crack propagation resistance to environmental
conditions has been evidenced [1]. In this work, we present a further step in understanding
and improving the environmental reliability of those materials via the possibility of controlling
their surface characteristics and obtaining enhanced independence of the crack
propagation resistance to the testing relative humidity. To this scope, a population of TPP
glassy carbon micro-pillars and uniform 2.5D structures have been coated with highly
conformal ALD-deposited AI203 thin films (having a thickness of 50 nm, Figure 1).

sl ol

FIB/SEM
cross section

Figure 1 - Testing configuration for a TPP 5.3 um micro-pillar coated with ALD conformal 50 nm thick AI2O3 film.

The study focused on the application of pillar splitting protocols and localized residual stress
measurements [2] to elucidate the effects of the deposited films on the fracture toughness
of 5.8 um diameter micro-pillars (see Figure 1) as a function of two extremal testing RH levels
(<5% "and">60%). It is evidenced that the fracture toughness of ALD coated pillars is
incremented from that measured for pristine defective high-humidity tested pillars (Figure
2), gaining independency from the relative humidity conditions. Moreover, the average Kc
value for the ALD coated samples does not reach the values recorded for the non-coated
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pillars at low RH. It was found that tensile residual stresses within the coating interact with the
crack as an additional reservoir to the opening system.
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Failure of thermal barrier coatings (TBCs) is generally caused by the development of cracks
near the bond coat/top coat interface caused by both the mismatch in thermal expansion
coefficients of layers and by the stress field induced by growth of the protective oxide. Since
failure is mainly an interface-driven mechanism, thermal sprayed dense-vertically-cracked
(DVC) YSZ top coats and highly rough NiCoCrAlY bond coats are developed to increase
strain accommodation of the system. Nevertheless, correlation between these features and
their influence in determining coating lifetime has not been fully established yet. This work
proposes a new method to characterize cracks distribution and roughness parameters
based on image analysis procedures implemented in MATLAB. The method for crack
analysis allows to infroduce a new crack parameter, defined as the ratio between the sum
of crack length and the top coat area, which represents the equivalent density of through-
the-thickness cracks (pfttc). Furnace cycle tests of different TBC systems on ReneN4
superalloys demonstrated that higher pttc corresponds to higher lifetime of coatings and
that this parameters is more representative than the standard crack density. The correlation
with BC surface parameters showed that too high Rsm, which indicates a higher spacing
between peaks, relates with lower interlocking efficiency. Influence of microstructural
features on the mechanism of coating failure was investigated exploiting a new method of
online monitoring of spallation based on thermographic image. It was observed that higher
pttc and lower Rsm associates with effective dissipation of stress through the development
of a network of microcracks near the interface. Conversely, less durable coatings with lower
pttc associate with failure that occurs through the progressive growth of a single long crack
along the interface. To conclude, the combination of pttc and Rsm demonstrated to be
relevant in determining durability of TBCs.
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Increasing environmental awareness and industrial competitiveness encourage the use
and development of repairable and recyclable structural materials to reduce polymer
waste and extend their service life. Recently, the development of thermoreversible cross-
linked networks has been infroduced as a viable alternative tfo produce composite
components that can be recycled and reformed as thermoplastic materials.

Introducing a thermoreversible covalent bond in the cross-linked backbone allows the
topological reshuffling of polymeric networks and makes it possible to rework and reform
the cross-linked material. One possible mechanism that enables the vitrimeric behaviour in
epoxy resins is based on transesterification exchange reactions between esters and beta-
hydroxyls formed by reacting epoxy precursors with suitable acids/anhydrides.
Incorporating a catalyst activates the transesterification reaction and induces topological
variations, stress relaxation and flow in the cross-linked networks, even though the total
number of cross-links does not change. During fransesterification, the network’s connectivity
is altered via exchange reactions, inducing sfress relaxation and plastic flow at elevated
temperatures without depolymerisation.

In the present work, a commercial epoxy system (araldite® LY 3508 and aradur® 917-1 by
Huntsman Corporation) suitable for CFRP manufacturing was selected for its modification
as a vitrimer. Furthermore, ZnAc2 was selected as a transesterification catalyst, and two
formulations at different ratio between epoxy precursors and curing agent have been
prepared and modified by adding the catalyst.

Vitrimer carbon fiber reinforced composites were produced using hand lay-up and vacuum
consolidation. The thermal properties of vitrimeric matrix have been investigated by DSC
and DMA tests. The thermal reshaping capability of vitrimer-CFRP has been investigated by
reprocessing CFRP coupons.
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Figure 1. thermal reshaping experiment by 3-point bending procedure.
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Two fibrous fillers were achieved from stalks and leaves of Chamaerops humilis dwarf palm
and tested as reinforcing agents for poly(butylene adipate co-terephthalate) (PBAT)-based
green composites. A robust map of processing-structure-properties relationships was
constructed by integrating several techniques, including morphological, spectroscopic,
pycnometric and mechanical analyses. Depending on the type and content of filler, a
broad array of properties can be achieved. The results of tensile tests (Fig. 1) pointed out
that both fillers are strong candidates to overcome some typical drawbacks of PBAT,
namely, the lack of both stiffness and cost-effectiveness, while preserving its ductility and
environmental sustainability.

The remarkable stiffness increments (up to 300%), combined with fair retention of
stretchability (33%) and doubled resistance, enable constructing green composites with
foughness values as high as 2025 MJ/m3. The outstanding mechanical reinforcement was
prompted by the formation of an extensive and sfrong inter/intraphase region, likely arising
from either reactions occurring during compression-moulding, or supramolecular
interactions between aromatic domains of lignin and terephthalate units of PBAT. The
mechanical behaviour of these systems can still be modelled by introducing opportune
corrections to Halpin-Tsai model. Both materials and the different fabrication routes herein
proposed show a promising palatability for a wealth of applications, including for instance
panels for automotive and furnishing, gathering excellent performance from a mechanical,
environmental and economic point of view.
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The improvement of the protection of metal substrates from corrosion phenomena is an
important content, which interests several fields, from aerospace to cultural heritage.
Mesoporous  silica  nanoparticles  (MSN)  show  promising  potentialities  as
nanoreservoirs/nanocarriers for the loading and the controlled release of anticorrosive
agents [1,2]. Here, two different strategies based on the synthesis of engineered MSN, with
the aim to maximize the loading and to tailor the stimuli-responsive release of corrosion
inhibitors, are reported. In details, MSN were synthetized by a high-throughput synthesis,
loaded with benzofriazole (BTA) and treated with a silver salt to realize new MSN/BTA/AQ
stimuli-responsive systems. Indeed, these nanoparticles showed a pH-controlled BTA
blocking/release mechanism, depending on the dynamic equilibrium of formation and
dissolution of the BTA/Ag complex [3]. It has been proved that BTA guaranteed a passive
barrier to corrosive media, while Ag ions were able to sequestrate chloride ions, adding an
active barrier contribute. Moreover, a new amino-functionalized MSN (MSN-NHz2) were
developed, in order to chemically induce a reaction with benzoyl chloride (BC). Indeed,
the stability of the amino bonds between the benzoyl groups and the MSN-NH2 are pH-
dependent, tailoring the release of the anticorrosive agent benzoic acid. The realization of
protective coatings was performed by embedding both the engineered MSN in acrylic
matrices, which showed effective protection of metal substrates.
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Among the bioactive and biomimetic biopolymers, type | collagen is considered a strategic
biomaterial to design biocompatible constructs and biomedical devices aimed at the
regeneration of various functional tissues such as bone. In this scenario, the processing of
collagen-based materials by 3D-printing and electrospinning technologies can support the
design of complex architectures, improving the biomimetic features of the scaffolds.
However, these fabrication techniques require a complex optimization of the rheological
and physico-chemical properties of the materials while preserving high biocompatibility of
the process. Hence, type-I-collagen was successfully combined with different bioactive and
smart inorganic phases such as mesoporous bioactive glasses, nanohydroxyapatite and
superparamagnetic nanoparticles to design micro- and nano-structured bone scaffolds.
The properties of the hybrid formulations were finely modulated according to the chosen
manufacturing technology and to guarantee the preservation of collagen functionality.
Concerning the use of extrusion-based 3D printing techniques, the formulations were
optimised ensuring the shear thinning behaviour and thus their good extrudability, while
supporting gelatine slurries were exploited to enable the design of high-resolution complex
scaffolds. In parallel, the use of electrospinning was explored to produce nano-fibrous
membranes able to mimic the structure of native extracellular-matrix. In this case, the
proper selection of solvents and process parameters represented a key factor to develop
environmental-friendly approaches while preserving the nafive physico-chemical
properties of collagen. Moreover, the optimised procedure confirmed the processability of
hybrid formulations containing up to 10% in weight of inorganic phase, while the high
surface area of the scaffolds was exploited fo improve the functionality of the final device
by grafting of bioactive molecules.
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5 !
Figure 1. Images of the macro- and microstructure of collagen-based scaffolds produced by means of 3D
printing (A, B) and electrospinning technologies (C, D).
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Among all the parameters that influence Fused Filament Fabrication (FFF) 3D printing of
thermoplastics, infill density is among those that affect mechanical properties the most.
Recently, it has been shown that 3D-printed objects can be modeled as composite
materials using the Classical Lamination Theory (CLT), in which each layer is represented as
a unidirectional lamina. CLT works successfully when the objects are completely filled (100%
infill), but it is not clear whether the same occurs for components with lower infill
percentages and continuous fiber reinforcement. One idea is to define an equivalent
continuous material representing the inner portion, thus neglecting the infill pattern (grid,
friangle ...) and orientation. A 3D CAD model starting from the G-Code file can be used and
suitably characterized to find such an equivalent material, therefore parts will be modeled
as sandwich structures.

Flexural tests were performed on specimens with different infill densities to characterize the
mechanical properties. Samples were made both of unfiled and continuous fiber-
reinforced (CFR) materials. The experimental measurements were compared with FEM
simulations and theoretical estimates through CLT.

From the design point of view, CLT allows results to be achieved quickly, at the expense of
accuracy, whereas with FEM modeling much more accurate and representative results are
obtained. This is due to a more realistic definition of both geometry and material, but
requires more time and effort from the preparation side.

The results showed that continuous fiber reinforcement is very effective in increasing the
flexural properties of 3D printed parts. Both qualitative and quantitative agreement was
found between modeling and experimental measurements concerning unfilled and CFR
materials, especially with the more realistic 3D CAD model.
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Fused Filament Fabrication (FFF) is an additive manufacturing technology that is diffusing
more and more in the academic and industrial field. FFF is characterized by various
advantages such as a relatively low cost, a high level of customization and simplicity of
obtaining complex shapes. In particular, many benefits derive from the possibility to control
the so-called infill, a parameter that defines the shape and the amount of material used in
the 3D internal structure. On the other hand, FFF parts have often some problematic issues
such as high surface roughness and mechanical properties that are lower than those
obtained with traditional forming techniques.

A possible solution to solve some of these problems is to use an electroplating technique
that permits to coat a polymeric part with a suitable metal layer. This procedure is common
in automotive and in electronic industry to improve surface appearance and thermal and
electrical properties of injection molded products, but it is less common on parts made with
FFF.

In this study, a two-step electroplating method that is free from toxic and precious metals,
was performed directly on an Acrylonitrile-Butadiene-Styrene (ABS) substrate that was 3D
printed previously. Specimens were built with various infill densities from 30% up to 100% and
then plated with copper. Mechanical and thermal properties were measured to study the
effect of this parameter. The mechanical properties were also modeled with the Finite
Element Method (FEM) to evaluate the interface quality between copper and ABS.

The main results showed that an infill density between 50% and 60% is optimal to obtain
adequate mechanical and thermal properties, since the infill density is sufficiently low that
copper can penetrate into the sample creating a good mechanical interlocking with ABS,
but at the same time it is sufficiently high to create several conductive bridges through the
sample.
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High-speed nanoindentation mapping can provide rapid (less than 1sec), high-resolution
mechanical property measurements across the surface of a material. The technique allows,
therefore, novel structural design routes for complex and heterogeneous materials.
However, some essential considerations on measurement errors must be drawn from the
intrinsic characteristics of this advanced methodology. This work will give an overview of this
advanced technology, specializing in the use case of duplex stainless steel mechanical
phase recognition (EBSD-aided) (Figure 1). This work intfroduces a novel robust methodology
proposed to overcome one of the thorniest errors of all above: pile-up.

In those cases where this phenomenon is relevant, the most effective solution is to perform
fime-consuming direct measurements of the actual contact area on individual indentation
marks (e.g., by Atomic Force Microscopy).

Elastic Modulus (GPa) Hardness (GPa) EBSD map
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Figure 1 - Elastic modulus, Hardness high-speed nanoidentation maps in correlation with EBSD mapping for
automotive duplex steels.

This work presents an alternative fast and straightforward protocol that uses high-speed
nanoindentation to produce a large array of indents, generating a measurable change in
the surface roughness quantifiable by fast optical profilometry analysis. It is demonstrated
that the change in surface roughness (Sa) caused by the array of indents is strongly and
uniquely correlated to the pile-up height. As validation, several materials (bulk and thin films)
were investigated at different indentation depths to induce distinct pile-up levels.



\9_\ 38

AIMAT2023
Catania, 28 maggio — 1° giugno 2023

® Gold Film = Silica ® Copper © Titanium e Aluminum
400
350 |
300
250
200
150 |
0 om.n &
0 20 0 -

Change in surface roughness Sa (nm)

Optical ' Calibration AFM

profilometry
(Cu)

Pile-up height (nm)

Figure 2 — (a) conceptual representation of the optical AFM-aided pile-up correction protocol (b) calibration
curves for different materials according to pile-up correction profocol.

Correlation functions are demonstrated (Figure 1b) that allow the estimation of pile-up
height and consequently perform correction of the hardness and elastic modulus quickly
and reliably, overcoming limitations imposed by AFM acquisitions.
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Vitreous enamel coatings deposit on metallic substrates presents very interesting properties.
High corrosion protection performance, good resistance against aggressive chemicals,
weathering agents and thermal stresses are the most important properties.

However, same applications are limited by the brittle nature of the glassy matrix. A non-
excellent abrasion resistance and high susceptibility to tensile stresses characterize enamel
coatings. In some case, the resistance of the surface to mechanical stresses and damages
influence the durability of the coating.

It is therefore important to improve enamel mechanical properties.

The aim of this study is fo investigate how the addifion of graphene platelets (0.25 — 1 wt. %)
or 316L stainless steel flakes (1 — 5 wt.%), could influence the mechanical properties of
enamelled AA5005 aluminium alloy.

The frit was mixed with a blue cobalt-based pigment, selected platelets or flakes, and
screen-printing medium to obtain chosen formulations. A 2A/1F (2 applications and 1 firing
at 570 °C) process was used.

As a first step, the microstructure of the deposits is evaluated to check their uniformity and
adhesion with the substrate.

The abrasion behaviour of the coatings are investigated by P.E.l. measurement. The efficacy
of the metallic additive in increasing the cracking resistance of the coatings was assessed
by means of in-situ 3-point bending tests.

The addition of graphene platelets cannot be considered as an effective way to increase
the abrasion resistance of the coatings, as agglomeration phenomena cannot be
completely avoided.

The addition of 5 wt.% flakes is beneficial in increasing the coating’s abrasion resistance. The
stainless steel flakes undergo plastic deformation during the abrasive process. The presence
of a high concentration of these flakes is beneficial in improving the cracking resistance of
composite enamel coatings.
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The researchers have been exploring ways to produce lightweight artificial aggregates
(LWA) from industrial waste materials, reducing the demand for natural resources. This study
focuses on the life cycle evaluation of double-step cold bonding pelletized industrial waste
lightweight artificial aggregates (LWA). The study conducted a cradle-to-gate life cycle
assessment, evaluating the environmental impact product life cycle stages, including
transportation, raw material extraction, processing, and end-of-life disposal. The study also
compared the environmental impact of double-step cold bonding pelletized industrial
waste LWA aggregates with traditional natural aggregates. In this experimental study, fly
ash derived from municipal waste incineration, marble sludge, and powdered granulated
blast furnace slag (GBFS) were combined with cement to produce three different mixtures.
The percentage of fly ash remains relatively stable (80%). The mechanical, environmental,
and economical characteristics of LWA mix were investigated by altering the blast furnace
slag and cement content. The AHP was performed to allow the establishment of optimal
conditions with regard to the three combinations, on which convergence and compliance
may exist in terms of environmental consequences (evaluated with LCA), economic
repercussions (evaluated with LCC), and technical details. The results indicated that LWA
aggregates comprised of fly ash (80%), blast furnace slag (5%) and a greater proportion of
cement (15%) are the optimal solution, allowing for the sustainable preference of LWA. The
results show that the production of double-step cold bonding pelletized industrial waste
LWA consumes less energy, emits less greenhouse gases, and generates less solid waste
than ftraditional natural aggregates. Additionally, the use of indusfrial waste materials
reduces the need for natural resources, further reducing the environmental impact.
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Figure 2. Stress state in nanocomposite in the case of (a) continuous matrix layer and (b) discontinuous matrix
layer
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The additive manufacturing technologies are gaining a lot of interest for biomedical
applications, mainly for the production of custom made implants and scaffolds for the
regenerative medicine [1]. The craniomaxillofacial sector is progressively growing and its
market is expected fo register a compound annual growth rate (CAGR) of 9.1% from 2022
to 2030. The custom-made strategy presents several advantages with respect to the
fraditional approach, e.g., shorter surgery times, reduced morbidity, lower
infection/inflammation risk, higher aesthetical results, less blood loss, better correspondence
between the implant and the graft site [2]. Biopolymeric materials are commonly used, but
they present several criticisms, i.e. induction of inflammation, lack of osteointegration, low
mechanical properties. In this context, graded scaffolds, as well as of implant prototypes,
were produced by fused deposition modelling (FDM) technique is proposed. Different
biopolymers  (e.g., polylactid acid (PLA), polymethylmethacrylate  (PMMA),
polycaprolactone (PCL)) were tested, as well as different pattern depositions [3-5]. The
functionalization of the produced sfructures with calcium phosphates and selected
antibiotic/anfi-inflammatory agents was proposed in order to promote the osteointegration
and to avoid the post surgery inflammation occurrence, respectively. The thermal and
mechanical properties of the produced scaffolds were investigated by differential scanning
calorimetry (DSC), and tensile and compression tests, respectively. The efficacy of the
coating deposition procedure was demonstrated by observation at scanning electron
microscopy (SEM), and infrared spectfroscopy (FTIR/ATR) measurements. The controlled
release of the chosen anti-inflammatory agents was studied through tests in appropriate
solvents and in phosphate buffer solution. Preliminary in vitro cytotoxicity tests were carried,
as well as osteoblastic differentiation tests with osteosarcoma cells.
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Biochar is the carbonaceous porous by-product of residual biomass gasification, known for
its conftribution to mitigate climate change. Indeed, during biochar production, carbon
from the photosynthetic process is incorporated into biochar in a stable form. This means no
CO:2 emissions when it is recycled for other purposes. In this context, the use of biochar as
carriers of lysozyme (LY), selected as representative of bioactive molecules with
antimicrobial properties, represents an innovative biochar application. Indeed, one of the
challenges during oral administration is to avoid gastric degradation. Two biochar (B)
derived from different residual biomass sources (vine and chestnut, VB and CGB
respectively) have been tested as LY carriers. An experimental approach, based on a
solid/liquid adsorption, was applied for LY immobilization (Fig. 1a). The effects of lysozyme
concentration, pH and reaction time have been tested to find the better conditions for a
complete LY adsorption.
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Figure 1. a) Biochar-supported LY preparation procedure, b) captured LY as function of the initial LY content.

For both the biochar a linear dependence was found between the LY initial concentration
in solution and the amount of LY captured (Fig.1b). A maximum lysozyme loading of 21-23
mg/gs was achieved under the following operating conditions: 1.5 mg/mL as LY initial
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concentration, pH 4.5 and 90 min of reaction time. Lysozyme — carriers interactions were
proven by DTG analysis, where LY decomposition in hybrid material occurred at a different
temperature than free LY, but did not seem to be dependent on the morphology of the
support: LY (165 nm3) is thus definitely too large to be hosted in the carrier pores (at most 40
nm). Considering biochar ZPC (-40mV), and LY ZPC, highly positive, interactions between
opposite charges are expected to govern LY-B interactions. Finally, LY release efficiency by
biochar will be tested in vitro conditions.



- .
:

_ AIMAT2023
) Catania, 28 maggio - 1° giugno 2023

$1.30 FIRE-RESISTIVE PERFORMANCE OF AGED SUSTAINABLE INTUMESCENT
COATINGS FOR NAVAL APPLICATIONS

Elpida Piperopoulos!*, Giuseppe Scionfti!, Dionisio Badagliacco?, Luigi Calabrese!, Mario Atrias,
Antonino Valenza?, Edoardo Proverbio!

' Engineering Department, University of Messina, C.da di Dio, 98166, Messina, Italy
2Engineering Department, University of Palermo, Viale delle Scienze, 90128, Palermo, Italy
3 Colorificio Atria, Contrada Camarro Formeca, 91028, Partanna (TP), Italy

E-mail corresponding author: elpida.piperopoulos@unime.it

Structural steel is largely used in naval construction sectors, due to its excellent mechanical
strength. In this context, it is necessary that this material keep its integrity, even in fire event.
Steel suffers a 50 % decrease of its mechanical strength when exposed to temperatures
near to 500 °C, easily reached in conventional fire events. Inftumescent flame-retardant
coatings are highly recommended as passive fire protection as they could prevent fatal
consequences. Infumescent coatings are composed of three flame-retardant additives
(acid source, carbon source and blowing agent). The coatings form an inftumescence char
layer when exposed to heat, which acts as a thermal barrier that effectively protects the
substrate against fire, maintaining the integrity of the metallic substrate. In this work,
sustainable intumescent coatings were studied. Innovative formulations, filled with low
environmental impact recycling materials (i.e. cork, recycled glass, clay nanotubes) were
realized and characterized. To investigate the durability of the coatings, UVA irradiation was
used at different aging time (300, 600 and 900 hours). Furthermore, coated panels were
hung directly on a real ferry boat, in two different locations (engine room and helm room).
At different aging times in situ, the panels were removed and characterized, to verify the
maintenance of the infumescent properties. In addition to thermochemical and
microstructural properties (i.e. TGA, DSC, XRD, SEM), the fire-resistive performance was
investigated by means of a specifically designed fire resistance test. The results highlighted
that all coating configurations evidenced suitable barrier/intumescent capacity.
Comparing all unaged and aged bafches, the best performances were highlighted by the
recycled glass filled coating, in terms of fire protective behavior and durability, indicating
this filler as a promising material for intumescent coatings design.
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The intfroduction of a substantial amount of gaseous hydrogen, recently identified as a
viable energy vector, inside the already existing pipeline network designed for the fransport
and the distribution of natural gas will soon become a reality. Nevertheless, hydrogen is
widely known for its impact on the mechanical properties of several materials, just like
carbon and low alloy steels, which are frequently employed in the existing distribution and
fransport pipeline network and related services. For this reason, the compatibility of these
materials needs to be thoroughly evaluated.

To test the response of such materials to the presence of hydrogen on laboratory scale, in
literature several methods has been proposed to reproduce the high-pressure gaseous
hydrogen environment.

This work will focus on the electrochemical hydrogen charging method, which exploits the
evolution of atomic hydrogen on the surface of a cathodically polarized surfaces. The entry
of atomic hydrogen into steels is promoted by the employment of recombination poisons,
which inhibit the recombination of atomic hydrogen to its molecular form.

Three different solutions (combination of acid and recombination poison) were tested to
electrochemically charge thick CT samples (up to 20 mm) of carbon and low alloy steels.
To optimize the charging method a set of parameters were investigated, such as time,
cathodic current density and recombination poison concentration.

The hydrogen charged specimens were successively subjected to J-integral test, carried
out at the Department of Mechanics, Politecnico di Milano, to investigate the effect of HE
on toughness. The fracture surfaces were analysed with SEM, to link alterations of the
mechanical properties of the samples with different fracture morphologies.
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Sustainable architecture seeks to minimise the environmental impact of buildings. Within the
ceramic sector, the environmental impact of porcelain stoneware files can be decreased
by modifying and optimising the industrial formulations. Floor and wall tiles are composed
of four layers: the ceramic support, the engobe, the ink-jet decoration and the glaze.
Between those layers, the preparation glazes involve frits, which are granulated glasses
melted at high temperatures and then quenched in water. Frits' production process is thus
energy intensive. As industrial energy efficiency has been in the spotlight during the 2022
energy crisis, focused studies fo overcome unstable energy prices are essential in the
building sector.

This work modified a conventional industrial glaze formulation by replacing the frit with a
combination of raw and secondary raw materials such as recycled soda-lime glass,
chamotte, and metakaolin. A Mixture Design with 20 formulations was adopted to
determine each component's role in forming a glaze with similar properties to the
conventional one (thermal behaviour, coefficient of thermal expansion and cleanability),
but without the use of the energy-intensive frit. Three formulations were then optimised and
further characterised by optical microscopy, hot stage microscopy, thermogravimetric
analysis (TGA), differential scanning calorimetry (DSC), X-ray diffraction (XRD), roughness,
CIELab colour, cleanability and chemical durability. Afterwards, one of the optimised glazes
was used to investigate how two different operational factors (granulometry and glaze
thickness) modify the gloss and luminosity (L*) properties of the final fired product (firing was
done at 1205 °C). It was found that depending on the values of the operational factors,
glazes (high gloss and low L*) or engobes (low gloss but high L*) can be obtained from the
same frit-free glaze formulation.
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This contribution illustrates a procedure aimed at the understanding, on a molecular scale,
of the state of CO2 molecules absorbed in glassy polyetherimide (PEl). To this aim in-situ FTIR
specfroscopy and gravimetry were implemented to gather relevant experimental
information, while MD, DFT and statistical thermodynamics approaches were adopted fo
model the behavior of the binary system at different scales. Based on the outcomes of FTIR
spectroscopy and on DFT and MD calculations, it was determined that the carbon atom of
carbon dioxide molecules establishes relatively weak interactions prevalently with the
carbonyl groups of PEl, whose quantitative estimation has been provided by MD
calculations. Finally, the system was investigated on a continuum thermodynamic scale by
adopting the Non-Equilibrium Theory for Glassy Polymers — Non-Random (NETGP-NR). This
model, specifically developed by our group, takes into account the non-equilibrium nature
of glassy polymers as well as the non-randomicity of mixing between polymer, penefrant
and free volume. Once the NETGP-NR parameters were refrieved by a fitting of solubility
data the model allowed to predict the isosteric heat of sorption and the carbon-dioxide —
polymer interaction energy in agreement with experimental findings and DFT calculations
respectively. Finally, experimental data of CO2-PEI mutual diffusivity have been successfully
interpreted using a semi-empirical theoretical model accounting for the effects of the
penetrant concentration, of energy barriers associated to the occurrence of an effective
diffusive jump and of a thermodynamic factor provided by NETGP-NR.
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Type-1 diabetes is one of the most prevalent metabolic disorders worldwide. It results in a
significant lack of insulin production by the pancreas and the ensuing hyperglycemiaq,
which needs to be regulated through a tailored administration of insulin throughout the day.
Recent studies have shown great advancements in developing an implantable artificial
pancreas and, overall, one of the key components is the insulin reservoir since it has to store
the insulin preventing the agglomeration of such a protein.

We discuss the employment of two types of Cyclic Olefin Copolymers (Topas 5013L-10 and
Topas 80075-04, inherently hydrophobic polymers) as constitutive materials for fabricating a
3D-printed insulin reservoir, as an alternative solution to Nylon 6 and Teflon.

After a preliminary thermomechanical analysis, Topas 80075-04 was selected as the best
material to fabricate a 3D-printed insulin reservoir due to its higher strength (UTS=56 vs. 40
MPa) and lower glass fransition temperature (75°C vs. 130°C). Fiber deposition modeling
was used to manufacture a reservoir-like structure (Figure 1A) and a mechanical
characterization of the surface texture was carried out on three specific locations of the
sample. The results showed a roughness (Ra) ranging in 6.84 - 8.55 um and localized
variations between peaks and notches in a range of 0 - 40 um, generally higher than that
observed for Nylon 6 or Teflon (Figure 1B). Spectrophotometric analysis carried out up to 14
days did not detect any statistically significant insulin aggregation (Figure 2). Based on these
results, the manufactured Topas 80075-04 showed that local irregularities of the surface had
less impact on insulin aggregation than a global evaluation of the pattern (i.e., roughness).



( 52

(O

( AIMAT2023
N Catania, 28 maggio - 1° giugno 2023

These findings may disclose new opportunities in developing insulin reservoirs for implantable
devices, in terms of biomaterials and manufacturing technologies.
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Figure 4. Fabrication and texture characterization of the reservoir to test the insulin anti-aggregation properties
of the geometry/material. (A) From the CAD model to the 3D printed device (a 2 € coin for size comparison).
(B)JRoughness measurements on the surfaces of the insulin reservoir in three characteristic locations of the
insulin reservoir.
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Figure 5. Schematic showing insulin storage set-up and aggregation tests. After filling the tank with insulin, a
gaseous nifrogen was fluxed to remove the air present inside, before a firm sealing. On day 1, 7, 10 and 14, a
sample of insulin was taken from the tank for UV assays. Between sampling days, the tank was kept firmly
sealed with an inert atmosphere made of nitrogen. Bar graph reporting the outcomes of UV analysis
performed at an absorbance of 350 nm (A350) fo assess the aggregation of insulin at 0, 1, 7, 10, and 14 days
comparing insulin samples stored in the fabricated T8007 reservoir (orange bars) and pristine insulin, used as
reference (blue bars). Results from the statistical analysis are reported with the following symbols: © p-value =
0.317; * p-value < 0.005.
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High specific strength, low specific weight and relatively low cost are some of the main
reasons for the widespread use of aluminum alloys in building construction, transportation
industries and many other applications in daily life.

Some applications (e.g., printing plates, automotive and aerospace usage) need to have
functionalized aluminum surfaces in which “functionalized” is defined as improving a
feature or providing a new property to the material. In some cases, functionalization is used
to improve the aluminum anti-icing and corrosion resistance (automotive and aerospace),
while in other cases functionalization is used to give new properties such as a specific
topography, and wettability (marine application, painting). Surface functionalization can
be carried out with various methods, such as mechanical machining, chemical, laser,
electrochemical, and ion beam surface texturing.

Chemical surface texturing stands out as a powerful method to conduct the
functionalization of the surface because of its good properties, such as being
environmentally friendly, reproducibility and low cost.

In the present paper, a superhydrophobic, self-cleaning surfaces were obtained on
aluminum alloy substrate by three different surface chemical freatments. Preliminarily, the
effect of aluminum surface freatments on wettability and morphology of the aluminum
surfaces was assessed. The micro/nano rough structure of aluminum surfaces was evaluated
combining scanning electron microscope and atomic force microscope analysis. The
superhydrophobic behavior was assessed by performing water contact/sliding angles
(WCA/WSA) measurements by sessile drop tests. Finally the electrochemical behavior of the
surfaces was evaluated in simulated seawater solution. The results showed that all surface
treatments stimulated the formation of a micro/nano structure with very high WCA. The as-
prepared surfaces revealed also a good corrosion resistance behavior. Applications for this
kind of surfaces range from easy-to-clean surfaces to anti-icing or anti-condensation
functionalities that could be of interest for several sectors.
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$1.36 REDUCED GRAPHENE OXIDE/WASTE-DERIVED TIO2 COMPOSITE
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Efficient wastewater freatment and reuse are of primary importance in a world where water
scarcity and droughts are increasingly frequent. Titanium dioxide nanoparticles (TiO2NP) are
widely employed in photocatalytic water treatments, despite some limitations due to their
tendency to agglomerate and high bandgap. In this research, TiO2NP were combined with
reduced graphene oxide (rGO), a graphene-like material of proven metal ion capture
ability, with the aim fo obtain self-assembling membranes (rGO-TiO2) having double
functionality (i.e. photocatalyst and adsorbent) for water treatment. Materials’ integration
simply consisted in the mechanical mixture of the two components followed by vacuum
filfration, without the introduction of further chemicals. In a view of circular economy, a
second type of membranes (rGO-TIO) was produced, according to the same procedure,
replacing TiIO2NP with Tionite, a TiOz2-containing material resulting from TiO2 production.
Composition and morphology of both membranes were characterized through XRD,
thermogravimetric and SEM-EDX analyses. Fes+ and Cuz+ 3 mg/L aqueous solutions were
considered to assess if the combination of rGO with TiOz or Tionite affects its capture ability,
verifying that the produced membranes are effective in metal ions adsorption. Both types
of membranes were tested in the photodegradation of Imidacloprid®, a common organic
pesticide, as a proof of concept of their photocatalytic properties. Photodegradation
efficiencies of 25% and 21% were registered for rGO-TiO2 and rGO-TIO, respectively. Results
of capture and photodegradation experiments provide a promising, yet preliminary,
demonstration of a potential use of rGO-TiO2 and rGO-TIO membranes in the remediation
of wastewater containing both inorganic and organic pollutants. Decontamination
performances of Tionite-based membranes are particularly significant, considering that a
waste material, without any further purification, was employed in their production.
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$1.37 DIGITAL LIGHT PROCESSING OF TEXTURED ALUMINA CERAMICS:
SLURRY ELABORATION AND MICROSTRUCTURAL TAILORING

Bartolomeo Coppola'’”, Julien Schmitt2, Laura Montanaro!, Paola Palmero!

' Department of Applied Science and Technology, Politecnico di Torino, INSTM R.U. Lince
Laboratory, Corso Duca Degli Abruzzi, 24, 10129, Torino, Italy

2 SFC Laboratoire de Synthese et Fonctionnalisation des céramiques UMR 3080 CNRS/SAINT-
GOBAIN CREE, SAINT-GOBAIN RESEARCH PROVENCE, 550 Avenue Alphonse Jauffret, 84306,
Cavaillon, France

E-mail corresponding author: bartolomeo.coppola@polito.it

Textured ceramics have atfracted widely interest for applications in sfructural and
functional ceramics. They have many superior properties compared with ceramics
composed of randomly oriented grains. Indeed, fracture foughness along specific
directions increases with the incorporation of oriented grains, which favour the mechanisms
of crack deflection, crack bridging and grain pull-out. There are many examples of textured
materials with excellent performances in nature, such as nacre, bone, and bamboo.
Textured ceramics have been produced by a variety of techniques: tape casting, magnetic
alignment, template grain growth (TGG) and, recently, additive manufacturing.

3D printing can overcome fraditional ceramics shaping limitations, such as reduced design
freedom and post-production machining, and further promote the use of technical
ceramics. Up to now, only few works investigated 3D printing of textured alumina ceramics
via Digital Light Processing (DLP) and no studies explored the fabrication of textured
alumina/zirconia composites.

Therefore, in this work, we demonstrate the feasibility of fabricating textured alumina and
alumina/zirconia composites via DLP. Alumina platelets were used to template only a o-
alumina powder as well as in ternary compositions with a 3 mol% yttria-stabilized zirconia.
Aim of the study is fo open the path for 3D printing textured ceramics for structural and
functional applications. Different photocurable slurries were prepared and studied in terms
of alumina platelets/alumina/zirconia ratios and solid loadings. Optimisation of rheological
properties and printing parameters was fundamental for platelets orientation and printing
accuracy. Mechanical properties were strongly influenced by the orientation degree
(determined via FESEM observations and XRD analysis) and density. High strength ceramics
were successfully fabricated opportunely tuning the composition and sintering conditions.
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Figure 6. Schematic representation of the experimental flow: powders characterization and slurries
preparation; samples 3D printing via DLP; physical and mechanical characterization (FESEM, XRD, flexural
strength, etc.).
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Anodizing is an electrochemical process used to improve the wear and corrosion resistance
of aluminium and its alloys. After anodizing, many Al-based alloys form compact and
protective oxide layers. Conversely, the presence of large Si precipitates in cast Al-Si alloys
results in defect-rich anodic layers. AlSilOMg alloy is among the most studied materials
processed via Laser-Powder Bed Fusion (L-PBF). This technique exposes the alloy to high
cooling rates, leading to the formation of a fine Si network surrounding a-Al cells. This
microstructure could allow to obtain good quality anodic layers even in a Si-rich alloy. In this
work, AlSiTOMg samples obtained via L-PBF underwent anodizing and sealing. To evaluate
the influence of surface morphology, we finished the samples by sandblasting with glass
microspheres, tumbling, or mechanical polishing before anodizing. The microstructure of the
oxide layers was observed by means of scanning electron microscopy (SEM) and
fransmission electron microscopy (TEM). The anodic layers were found to consist of anodized
Al cells surrounded by voids and partially oxidized Si particles. Inside the Al cells, the oxide
showed its typical columnar structure with hexagonal-shaped cells (Figure 1). Due to the
uniform disfribution of fine silicon particles, tumbled and polished samples developed
uniform oxide layers. By confrast, sand blasted samples produced defect-rich oxide layers,
because of the irregular morphology of the surface and the presence of residual glass
microspheres embedded in the material. The quality of the oxide layer influenced the
corrosion behaviour of the material, tested in 3.5 wt.% NaCl solution. Indeed, the corrosion
potential and current of tumbled and polished samples were significantly improved after
anodizing, and sealing further increased the corrosion potential up to a value of about +150
mV. Conversely, the defects in sandblasted samples resulted in a lower corrosion resistance
of anodized samples.
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Figure 1. Cross-sectional TEM micrograph showing the columnar microstructure of the anodic layer grown on L-
PBF AISiTOMg alloy.
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Manufacturing of hollow composites materials is a challenging task that requires complex
procedures using soluble or flexible materials. The use of soluble materials relies on creating
a near net shape mandrel onto which shaping the uncured laminates. Once the part is
cured the soluble mandrel is removed washing it away. This approach requires the
composite parts to be exposed to water or even more aggressive fluids that can seriously
decrease the final composite’s properties. Flexible materials are used for compacting the
uncured laminates during curing. The shaping is usually realized using two halves’ molds. This
approach makes easy to extract the flexible mandrel after curing but, it does not offer any
possibility to layup directly on the mandrel. This is a limit as it binds fo the use of matched
molds and, for these reasons, can limit the shape’s complexity while increasing costs. The
research on materials for composite’s tooling is raising the interest of industry but, at the
same time, the correct integration within the curing cycle should be considered. In this work
a novel approach combining the use of novel blends based on the use of waxes mixed with
magnetic particles is presented. The use of waxes is proposed because of their low cost and
possibility to be removed by simply melting back to its fluid state after composite’s curing.
The use of magnetic particles is proposed to overcome the low thermal inertia of waxes by
using induction heating. The results obtained demonstrated that novel wax-based blends
can be used for the manufacturing of mandrels by simple casting that can be simply
removed from the cured parts melting it back and reusing for further processing cycles
(Figure 1). A further advantage demonstrated using this approach was obtained with the
controlled thermal expansion of the wax that can give a confribution to the compaction of
the composite’s laminates (Figure 2).
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Figure 7. An example of a mandrel obtained using a novel wax-based blend.
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Figure 2. TMA analyses result for wax based blends with different particle’'s content.
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The in-situ anionic polymerization of polyamide é (PA6) is an interesting method fo produce
thermoplastic nanocomposites with high mechanical and functional properties. This study
aims to investigate the thermomechanical properties of anionic PA6-matrix (aPA6)
nanocomposites and correlate it with microstructural features such as the crystallinity
degree and the nanofiller dispersion.

The nanocomposites were prepared in a lab-made small-scale polymerization plant as
follows. Caprolactam (CL) was melted at 110 °C in a round-bottom flask under nitrogen
flow, followed by the addition of a commercial initiator and actfivator in variable
concentrations and the nanofiller (expanded graphite nanoplatelets (xGnPs) (Figure 1),
organomodified nanoclay) in proper amount. The stired mixture was then injected into a
mold preheated at varying temperatures (140-170 °C), and left to polymerize for 20 minutes.

While all the investigated nanofillers mostly increased the elastic modulus, the quasi-static
properties at break and the impact properties resulted to be strongly affected by the
nanofiller dispersion. The mechanical properties of the nanocomposites were found to be
influenced by the processing parameters such as the temperature and the concentration
of the initiator and activator, mostly due to the profound impact of these parameters on
the matrix crystallinity. All the investigated nanocomposites presented a high degree of
conversion with litfle (<2%) residual caprolactam, as investigated by thermogravimetric
analysis.

This study provides valuable insights info the properties and behavior of thermoplastic
nanocomposites based on aPA6. While the results suggest that these nanocomposites have
potential for use in various applications where improved mechanical, thermal, and
electrical properties are required, further research is needed to fully characterize the
interfacial interactions between the fillers and the matrix and to improve the filler dispersion,
also with the introduction of surface functionalization.
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Figure 8. SEM micrographs of the cryofracture surface of PA6/xGnP nanocomposites (xGnP content = 0.5 wt%)
at two different magnification levels.
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Biofuels are suggested as substitutes for fossil fuels in transport applications to reduce
greenhouse gas emissions. In vehicles using Al alloy tanks, contact with this type of fuel can
lead to corrosion phenomena. This work investigates the evidence of corrosion, close to the
welded joints, on Al alloy (AA1050) tanks in contact with E27 biofuel (i.e. 27% v/v ethanol)
under incubation for 1000 hours at 60 °C. The fuel was analysed, by means of FT-IR analysis
and mass spectrometry, before and after interaction with the material, checking for the
presence of alcoholates, acetic acid and water, parameters that can affect the stability of
the passivating layer of the alloy. The tank alloy was analysed by SEM and EDS, before and
after corrosion. The presence of oxides on the samples’ surface was investigated by grazing
angle XRD. Using elecfrochemical analysis, the corrosive phenomenon was analysed on a
laboratory scale.

A significant water content (about 0.025 %) was observed in the freshly produced fuel,
which did not generate the corrosion, whereas the fuel used under operating conditions
showed a content up to ten times lower. FT-IR analyses of the fuel excluded the formation
of alcoholates. Similarly, the presence of acetate ion, and thus acetfic acid, was not
observed, which allowed the oxidation of ethanol to acetic acid to be ruled out as a cause
of corrosion. The welded specimen showed a corrosion potential of Ecor=-0.27 V when in
contact with fresh produced fuel, suggesting greater corrosion resistance than the
unwelded specimen, which showed a corrosion potential of Ecor=-0.36 V.

The water content within the fuel appears to play a key role in the corrosion phenomena of
the Al alloy. Freshly produced fuel containing a sufficient amount of water favours
passivation of the alloy rather than its corrosion. In fact, the presence of water led to the
formation of protective oxides which blocked the corrosion phenomenon, as the surface
was ennobled.
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In an age of rapid globalisation, the everyday life is essentially based on plastics which, at
the end of their life, are incinerated, dumped in landfills, or left in the environment where
they endure for hundreds of years. An innovatfive alternative to conventional plastics can
be bioplastics, whose market has been growing steadily. Polylactic acid (PLA) is considered
the second most important bioplastic globally by volume of consumption and by its
properties, which are comparable to those of traditional petroleum-based plastics. In this
study, we aim to find a correlation between the micro- to nano-structural properties of PLA
and the resulting macroscopic characteristics, to render the industrial processing of this
novel bioplastic as performant as possible. Different studies will be carried out both from a
thermo-mechanical point of view and from a transmission electron microscopy and X-ray
diffractometry. Firstly, the analysis of the thermal and mechanical properties will allow us to
estimate the different contributions of the various constituent interfaces characteristic of
polylactic acid and how and to what extent these may impact and/or influence the
macroscopic characteristics of the system. Subsequently, fransmission electron microscopy
and X-ray diffractometry will enable us to correlate specific micro- and nanoscopic
analyses to the various processing and manufacturing conditions of the biopolymer,
whether amorphous or crystalline, plasticised, or non-plasticised. Indeed, by considering
one of the major issues related to PLA, i.e., its intrinsic rigidity, more complex systems such as
PLA-plasticised will also be investigated. In this way, we will propose an analysis as close as
possible to the industrial world of bioplastics processing, also with a view to the circular
economy, which can be, by means of appropriate modelling tools, optimised, and
predicted to enable industrial manufacturing to be as efficient and feasible as possible
according to world demand.
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Figure 9.TEM imaging of a Poly-lactic Acid Spherulite.
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Figure 2. XRD Diffraction Studies on the influence of D-isomer percentage in Poly-lactic acid Samples.
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$1.43 EFFECT OF DIFFERENT SURFACE TREATMENTS ON GRADE 5 TITANIUM
ALLOY FOR IMPROVING THE ADHESION WITH THERMOPLASTIC BASED
COMPOSITES

Riccardo Miranda'”, llenia Pandolfo!, Dionisio Badagliacco!, Carmelo Sanfilippo!, Vincenzo Fiore!,
Francesco Di Franco!, Monica Santamarial, Anfonino Valenza!

I Dipartimento di Ingegneria, Universita degli studi di Palermo, Viale delle Scienze, 90128,
Palermo, Italia

E-mail corresponding author: riccardo.miranda@unipa.it

In this study, different surface tfreatments were performed to evaluate the mechanical
improvements of thermoplastic fiber metal laminates (TFMLs). The latter were made of a
grade 5 titanium alloy (Ti6Al4V) and carbon fabric reinforced polyether ether ketone (PEEK)
composite substrates, manufactured by compression molding. An elecfrochemical surface
freatment, i.e., anodizing, that allows to grow a titanium oxide nanotubes layer on titanium
alloy surface was studied to evaluate the effectiveness of this morphology in increasing the
mechanical strength of FMLs. Parameters such as voltage, time and anodizing bath
composition were studied to find the optimal conditions that would guarantee the
maximum diameters of the nanotubes thus improving the interlocking with the matrix.
Specifically, solutions of ammonium fluoride (0.5%wt), ethylene glycol and water were used.
The voltage values chosen were 30V and 50V whereas the water volume contents were 5%,
20%, 50%. For each voltage and water content, the samples were immersed for 10, 30 and
60 minutes at room temperature. In order to induce the crystallization in the prepared
nanotubes, a thermal freatment in a muffle furnace (i.e., 450°C for 60 min) was performed
soon after the anodizing process. SEM analysis and contact angle measurements were
carried out to characterize the morphology of titanium nanotubes and their wettability.
After these tests, only two conditions were selected: 30V, 50% v/v water (30V50P) and 50V,
20% v/v water (50V20P), both for 60 minutes. In addition, mechanical abrasion treatment
with sandpapers (MT) and chemical freatments (SIL) with commercial silane (3-aminopropy!
trimethoxy silane) were performed to compare them with the proposed treatments. A
mechanical characterization of FMLs was performed by evaluating their fracture toughness
and interlaminar shear strength through double cantilever beam (ASTM D5528) and short
beam shear (ISO 14130) tests, respectively. The overall results show that 30V50P anodizing
leads to the best performance of the produced FMLs.
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Figure 1. Interlaminar shear strength by short beam shear test varying the surface freatments on titanium alloy

substrate of fiber metal laminates.
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$2.1 COEXTRUDED FOOD PACKAGING FILMS BASED ON BIODEGRADABLE
BLENDS COMBINING BARRIER PROPERTIES, THERMAL RESISTANCE AND
LOW TEMPERATURE DUCTILITY

Annalisa Apicella'”, Margherita Grimaldi', Paola Scarfato!, Luciano Di Maio!, Loredana Incarnato!

Dipartimento di Ingegneria Industriale, Universita degli Studi di Salerno, Via Giovanni Paolo
Il 132, 84084, Fisciano, Italia

E-mail corresponding author: anapicella@unisa.it

Despite the undoubted ecological advantages of biodegradable polymers, their
applications in the food sector are still limited due to their low functionalities. In particular,
there are severe limitations in the application of biopolymers over a wide temperature
range, i.e. for foods subjected to hot filling processes followed by frozen storage.

In this study, we investigated both melt blending and coextrusion techniques to realize a
novel bilayer biodegradable packaging with barrier performance, heat sealability, and
suitable for either hot-filing and frozen food products.

The films were realized by combining an inner layer, made of Ecovio and amorphous
poly(lactide) (PLA4060) blend and providing high ductility and sealability, with an outer
layer made of poly(butylene succinate) (PBS) and semicrystalline PLA4032 blend
contributing to barrier properties and thermal resistance. Prior to making the bilayer
structures, monolayer films based on different compositions of these blends were produced
and tested, to identify the optimal concentration of each blend for the target application.
Then, three coextruded structures were realized by varying the relative thicknesses of both
layers and were analyzed for their physicochemical, surface, mechanical, barrier and
overall migration properties. All the coextfruded films exhibited high interlayer adhesion and
overall migration values below the limits established by the European legislation. Moreover,
the bilayer films had functional performance intermediate with respect to those of single
outer and inner layers, and weighted on their relative thicknesses.

Among all, the bilayer film with the thickest outer layer thickness (50 um) showed the best
balance between stiffness and ductility in the explored temperature range (-18 °C to 85 °C)
and proved fo be an effective sustainable alternative to conventional fossil-based films for
food packaging applications involving both hot-filling and freezing.
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$2.2 ELECTROPHORETIC DEPOSITION (EPD) OF MUCOADHESIVE
CHITOSAN-METHYLCELLULOSE ORAL PATCHES FOR THE TREATMENT OF
LOCAL MOUTH BACTERIAL INFECTIONS

Lorenzo Bonetti,! Alice Caprioglio, ! Nina Bono, 12 Gabriele Candiani!2 Lina Altomare 1.2¢

' Department of Chemistry, Materials and Chemical Engineering “G. Natta”, Politecnico di
Milano, Piazza Leonardo da Vinci 22, 20133, Milan, Italy.

2 National Interuniversity Consortium of Materials Science and Technology (INSTM), 50121
Florence, Italy.

E-mail corresponding author: lina.altomare @polimi.it

Mucoadhesive buccal patches are dosage forms promising for successful drug delivery.
They show the distinctive advantage of long residence time on the oral mucosa and
increased in situ drug bioavailability. This local administration of antibiotics may represent
an advantage in the management of oral infections as compared to the systemic route.
Different mucoadhesive films and patches based on natural polymers, have been
reported in the literature to treat local mouth bacterial infections. CS-based buccal
patches may suffer from weak mucoadhesion, impairing their therapeutic effect. In this
work, methylcellulose (MC) was exploited to increase the mucoadhesive character of
pristine CS patches. CS-MC patches were obtained in a one-pot process via EPD, and the
possibility of incorporating gentamicin sulfate (GS) as a model of a broad-spectfrum
antibiotic in the so-obtained patches was investigated.

All specimens appeared homogeneous at SEM observation, with random porosity created
by the evolution of the H2 bubbles (Figl). A predominant presence of CS in the CS-MC
patches, with a mean CS fraction of 66.8 %, was detected.

The resulting CS-MC patches displayed high stability in a water environment and superior
mucoadhesive character (.4, = 0.85 £ 0.26 kPa, W 4, = 1192.28 £ 602.36 Pa mm) when
compared with CS control samples (o4qn = 0.42 + 0.22 KPaQ, W4, = 343.13 + 268.89 Pa mm),
due to both the control of the patches porosity and the bioadhesive nature of MC.
Furthermore, GS-loaded patches displayed no in vitro cytotoxic effects against L929 cells
and antibacterial activity on both Gram-positive and Gram-negative bacterial strains.

In this study, we demonstrated the possibility to obtain, via a one-pot EPD process, novel
mucoadhesive CS-MC patches with broad antibacterial activity by adding GS sulfate to
the solution. The presence of MC provided CS-MC samples with superior mucoadhesive
character, while GS provided a broad antibacterial activity on selected bacterial strains (E.
coliand S. aureus).
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Figure 11. SEM micrographs of a) c) CS and b) d) CS-MC samples. a) b) Scale bar =200 um; c) d) Scale bar =
20 um.
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$2.3 OPUNTIA FICUS INDICA/MATER-BI® BASED GREEN COMPOSITES FOR
FERTILIZER CONTROLLED RELEASE DEVICES PRODUCTION

Maria Clara Citarrella', Emmanuel Fortunato Gulino!, Roberto Scaffaro!
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Palermo, PA, Italy

E-mail corresponding author: mariaclara.citarrella@unipa.it

Excessive fertilization causes ecological concerns due to leaching issues. To solve this
problem and promote agriculture sustainability an innovatfive green composite for
controlled release fertilizers was produced by adding NPK fertilizer flour to a biodegradable
polymer (Mater-Bi®) with or without Opuntia Ficus Indica (OFI) particles. Six formulations,
formulations namely MB/OFI-A, MB/OFI-B, MB/NPK-A, MB/NPK-B, MB/OFI-A/NPK-A and
MB/OFI-B/NPK-B, were successfully produced and employed for the fabrication of devices
both for compression molding (CM) and fused deposition modeling (FDM). Both filler and
fertilizer displayed good dispersion in the composites and excellent adhesion with the
polymeric matrix (Figure 1).

FDM_MB/NPK-A

»/
1 Y

[ 200pm_| " 200um g )

g5 & —— 51 )

FDM_MB/OFI-A/NPK-A [l FDM MB/OFI-B/NPK-B

Figure 1. SEM micrograph of fractured cross-section of green composites and CRF devices fabricated for FDM.

FDM samples showed higher mechanical properties if compared with compression molded
ones. Release tests of CRF devices reveal the ability of all the obtained composites to slow
the release rate of NPK (up to 30 days), which proved to be tfunable by modifying
formulation, flours granulometry and production techniques. The porous structure of FDM
samples, induced by the process itself, promote the water transport across the devices
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allowing the release of the NPK also from the more inner layer. In particular, FDM_MB/OFI-
A/NPK-A act as the best CRF device showing a remarkable burst delivery with about 70% of
NPK released in the first 24 hours and a 100% release after 30 days (Figure 2).
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Figure 2. SEM micrograph of FDM sample after soaking in water for 30 days (q). Fertilizer release monitoring by
conductivity measurements as function of time for FDM (b) and compression molded CRF devices (c).

By appropriately selecting the dimension of the particles, the addition of OFI and the
production technique, was possible to modulate the NPK release rate: FDM samples
containing fine particles of OFI and NPK displayed the fastest release. Release data were
fitted according to Peppas-Korsmeyer model to understand the release mechanism.
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$2.4 SELECTIVE POSITIONING OF DIFFERENT CELL TYPES ON 3D SCAFFOLDS
VIA DNA HYBRIDIZATION
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2 Institute of Organic Chemistry, KIT, 76123 Karlsruhe, Germany.

3 Institute for Biological Interfaces, KIT, 76123 Karlsruhe, Germany.

4 Department of Engineering, Universita Campus Bio-Medico di Roma, 00128 Rome, Italy

E-mail corresponding author: e.lemma@unicampus.it

In the last decade, a great effort has been devoted to the establishment of in vitro platforms
mimicking the complexity of cellular and tissue microenvironment. Two-photon lithography
(2PL, fig. 1a) has given a major contribution to the field, and several scaffolds for studying
cell biology made via 2PL have been reported!. A further improvement is represented by
techniques for the precise positioning of distinct cell types in a 3D microenvironment.
Current techniques, e.g., anfigen-antibody interaction, pose severe limitations for selective
single-cell-type tagging as they lack specificity?. Here, we report the decoration of 2PL-
obtained 3D microscaffolds with single-strand DNA (ssDNA) exploiting light-induced click
chemistry. An acrylate-based 2PL resin including an UV-reactive molecule (i.e., photo-enol,
PE, fig.1b) was formulated and characterized for photopolymerization parameters (i.e.,
intensity and dose, fig.1c), for further surface decoration with biomolecules. The aldehyde
group of PE enolizes upon UV irradiation and subsequently reacts with a carbon double
bond (e.qg., of a maleimide molecule) via a Diels-Alder [4+2] cycloaddition click reactions.
Therefore, a solution of biotinylated maleimide in DMF was placed on the 2PL-made 2D and
3D microstructures and exposed to a focused 405 nm laser, resulting in the covalent binding
of the maleimide to the PE; streptavidin was then incubated, followed by an incubation
step with a fluorescent biotinylated oligonucleotide (fig.1d). The degree of functionalization
could be controlled by tuning the laser intensity and exposure time. The procedure was
repeated sequentially for two different oligos both on 2D (fig.1e) and on 3D structures
(fig.1f). To test the selective binding affinity of cells fo sSDNA, two different cell lines (i.e.,
NIH3T3 and U20S) were decorated with cholesterol-TEG complementary strands and
incubated on functionalized 3D scaffolds (fig.1g). As expected, cells hybridize more
effectively on complementary oligos than on surfaces with non-complementary ssDNA
(fig.1h). Selectivity of adhesion on functionalized structures was quantified also with several
other cell lines, including stem cells (fig.li). Current studies focus on scaling up this
methodology to the meso- and macroscale and on widening the palette of acrylate-based
photoresists, thus enabling the fabrication of 3D scaffolds using consumer-grade
stereolithographic 3D printers.
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$2.5 A SELF-ACTIVATED MULTI-LAYER MORPHING MATERIAL

Ginevra Hausherr! and Giulia Lanzara!
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Some biological systems are able to modify their structure and functionality in response to
an external stimuli. Smart and shape-changing materials try to resemble such a function via
properly engineered structures. The most sophisticated among these types of materials are
those that self-activate themselves. The automatic adaptation fo the environment in fact
has the great potential to reduce energy consumption. Here, a unique multi-layer system
that adapts its shape when exposed to thermal gradients, is presented. Such a design logic
finds its roots into the strategic combination of materials that possess an opposite glass
transition temperature and that can be plastically deformed at the desired temperature
setting. This is conceptually different from the classical multi-layer systems that exploit the
difference in thermal expansion coefficient of the overlapping layers in order to induce
internal stresses in the material. In particular the system presented in this paper, consists of
a bottom polyethylene (PE) layer and a top polyethylene terephthalate (PET) layer. This bi-
layer structure has the beauty that can be “educated” to exploit its functions at the desired
set temperatures, for instance: flat at low temperature (0° C) and curved shape at higher
temperatures (20° C). It is worth noting that such a temperature gradient is extremely
narrow, thus the ability to induce the material to radically change shape, is, in principle,
extremely challenging with conventional design approaches. One of the uniqueness’s of
the proposed design is that such morphing actions are cyclic without the need of re-
educating the material (as typically occurs in shape memory polymers). The possibility to
fine-tune with great repeatability and precision the shape of the film as a function of
temperature, is demonstrated.

This study is being carried out through a research project funded by the Italian Space
Agency. The described unconventional morphing material will be used to implement a bio-
inspired coating for energy saving in space satellites.
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$2.6 THERMAL CONDUCTIVITY ENHANCEMENT OF TiN AND SiO:
NANOFLUIDS
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A Proton Exchange Membrane (PEM) fuel cell (Figure 1) is considered the eco-friendly and
sustainable solution in term of electricity generation to substitute the fossil fuel and reduce
carbon emission in automotive industries. Fuel cells operate at temperatures below 100°C
and produce electricity as a result of the reaction of hydrogen and oxygen. Nanofluids are
recently employed in cooling system for PEM due to great heat transfer properties: added
nanoparticles, typically with a size on the order of 1 to 100 nanometers dispersed throughout
the base fluid, significantly improves the thermal conduction. These nanoparticles can be
made from a variety of materials, including metals, nitrides (ex: TiN), oxides (ex: SnOz, TiO,
Al20s, SiO2), and carbon-based materials. The recent widespread use on nanofluids in PEM
fuel cells is increased by the need to reduce the cooling system size in the stacks, which is
favourable in vehicle applications.

Polymer
electrolite
membrane

HQ~

Figure 13. Scheme of a Proton-exchange membrane fuel cell system

This work is focus on the use of TiN and SiO2 nanoparticles mixed in water — ethylene glycol
at different concentration with the aim to improve the performance and efficiency of
cooling systems. The increased thermal conductivity of the nanofluid can help to dissipate
heat from the engine more effectively, which can lead to improved fuel efficiency and
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reduced emissions. The shear viscosity, the thermal conductivity and the chemical stability
are investigated in order to find the optimal composition. The performance of each
nanofluid composition was observed and compared to base liquid, including a cost
evaluation, potential toxicity limits and environmental risks associated with the use of the
nanoparticles.

The use of TiIN and SiO2, alone or in combination, enhances heat dissipation capability
because of associated heat fransfer coefficient in comparison with base fluid water-
ethylene glycol.
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Introduction

Magnesium alloys represent promising bone substitutes due to their good mechanical
properties combined with their bioresorbability. However, Mg corrosion in vivo is often too
fast, impairing the material’s load-bearing ability while also causing a strong inflammatory
response due to the abrupt increase in local pH. Electrochemical freatments like Micro-Arc
Oxidation (MAO) can be exploited to slow down Mg corrosion by forming protective
ceramic coatings, thus also supporting bone healing at the implant site. In this work we
present the optimization of MAO coatings on AZ31 magnesium alloy for prospective
application in bone repair.

Materials and Methods

MAO treatments were applied to AZ31 Mg using a Si-based electrolyte with or without
cerium introduction. Different MAO frequencies were tested, and their effect on the
coatings’ features was investigated by SEM and XRD. The samples’ corrosion resistance was
tested by potentiodynamic polarization in simulated body fluid, while the coatings’
adhesion was assessed by scratch testing. The cell response was evaluated on hMSCs by
indirect cytotoxicity in degradation products-containing medium.

Results and Discussion

All the coatings feature the porous morphology typical of macro-spark MAQO. By increasing
the process frequency, their composition shifts towards a higher forsterite content, gradually
replacing the periclase phase. Accordingly, high frequency coatings show a greater
corrosion resistance, and this is further improved by cerium incorporation; moreover, Ce also
leads to a significantly higher coating adhesion, reducing the risk of delamination. Both
these aspects are crucial for a longer-term stability of the material. Also, the biological
assays show a strongly improved viability of hMSCs in presence of Ce-rich degradation
products, ascribable to the antioxidant behavior of cerium in alkaline environments.

All these results show the strong potential of Ce-doped, MAO coated Mg as a solution for
bone fixation.
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$2.8 MULTIFUNCTIONAL PIEZOELECTRIC NANOFIBERS FOR ACOUSTIC AND
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PVDF is an advanced multifunctional material with excellent piezo/pyroelectric properties.
Electrospinning of PVDF micro/nanofibers has been extensively investigated over the past
decade as a green solution over the fraditional piezo materials due to their ease of
processability  with  non-toxic chemicals and low production cost. The piezo
micro/nanofibers can be applied into several novel applications ranging from advanced
sensing materials to smart textiles. In this context we present the implementation of
electrospun PVDF nanowires to form non-woven ulfra-light and porous membranes as well
fo form pre-defined patterns of 3D printed nanowires, for advanced sensing materials which
can also be used in structural health monitoring systems, by exploiting the direct
piezoelectric effect. Here the structural vibrations are monitored in both contact and non-
contact mode. In the first case the nanowires play the role of a strain/vibration sensor, while
in the latter case the work as acoustic sensors. For strain sensing applications the PVDF web
was installed on a fiberglass composite material resembling a cantilever beam structure
that is fixed at one end and left free to vibrate on the other. The strain sensor was able to
register an excellent elecfro-mechanical response. The alternative use of pre-defined
patterns has the beauty to allow to define local deformations. In the acoustic sensing
application, the electrospun PVDF membrane was suspended with elastics orthogonally to
a microfilament composite material that was mechanically stretched until failure. The
mechanical vibrations of the composite filament breakages were clearly registered in the
electrical acquisition of the sensor over time. The corresponding breakage frequencies
were finally transformed into a novel concept of 'Speech of Materials'. The detected
fingerprints of such a speech will be discussed in detail.
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Magnetic particles are highly attractive nanomaterials due to their specific properties and
biocompatibility, identifying a wide range of possible processes in modern technology.
Here, the functional response of solid and liquid composite drops of Fe304 nano- and micro-
particles is investigated. It is observed that a drop of magnetite particles in water, placed
in contact with a substfrate, modifies the substrate roughness and thus its wettability. The
corresponding chemical, morphological and surface energy analysis will be discussed as a
function of the magnetite content and interacting substrate. On the other hand, a liquid
drop of a Fe304 nanocomposite alginate solution solidifies through instantaneous cross
linking when in contact with a calcium solution. This ultra-fast cross-linking gives rise to a
magnetic alginate micro-sphere whose size and shape is fine-tuned through the process
optimization. The interaction of liquid and solid composite spheres with an external
magnetic field, will also be discussed and will highlight the great potential of the analyzed
drops for a variety of applications as micro-robots, drug delivery, smart glues as well as for
the realization of magnetically activated smart materials.
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$2.10 THE IMPACT OF AG CONCENTRATION ON THE DURABILITY AND
BIOCIDAL ACTIVITY OF WOOD PAINTS EMPLOYING COLLOIDAL SILVER AS
A NEW MULTIFUNCTIONAL PIGMENT

Massimo Calovi'*, Valentina Coroneo?, Sabrina Palanti3, Stefano Rossi!

' Department of Industrial Engineering, University of Trento, Via Sommarive 9, 38123, Trento,
Italy

2 Department of Medical Sciences and Public Health, University of Cagliari, SS 554
Monserrato, 09042, Cagliari, Italy

3 Italian National Research Council Institute for Bio-Economy (CNR-IBE), Via Madonna del
Piano, 10, 50019, Sesto Fiorentino, Italy

E-mail corresponding author: massimo.calovi@unitn.it

The purpose of this study is to evaluate the impact of two different colloidal silver
concentrations on a water-borne wood paint's durability and biocidal efficacy.
Colorimetric measurements and optical microscope observations were used to assess the
impact of this multifunctional pigment on the coatings' aesthetic qualities. Via a variety of
accelerated degradation tests, including UV-B radiation exposure and climate chamber
exposure, the samples' durability was evaluated. To verify the residual effect of silver in
changing the protective behavior of the paint, scanning electron microscope observations,
infrared spectroscopy analysis, and colorimetric inspections were carried out. Furthermore,
the samples that incorporated silver had high antibacterial activity against Staphylococcus
aureus and Escherichia coli, while colloidal silver had no noticeable fungicidal activity
against Coniophora puteana and Trametes versicolor fungi. In conclusion, this research
demonstrates how colloidal silver can be employed as a functional pigment in wood paint,
able to change the coating's appearance and improve its antibacterial ability without
adversely affecting its protective performance.
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$2.11 BIO-INSPIRED MATERIALS FOR STRUCTURAL MORPHING

Alessandro Porrari, Krishna Chytanya Chinnam, Ginevra Hausherr, Stefania Fontanella!, Giulia
Lanzara'”

I Dipartimento di Ingegneria Civile, Informatica e delle Tecnologie Aeronautiche, Universita
degli Studi Roma Tre, Via della Vasca Navale 79, 00146, Roma, Italia

E-mail corresponding author: Giulia.Lanzara@uniroma3.it

Natural systems represent a great source of inspiration for the design of innovative materials.
Such systems have in fact evolved through slow but extremely effective processes, and are
often made of highly sophisticated hierarchical structures that exhibit multifunctional
behaviors. For instance, they are able to detect an external stimulus and respond to it in a
predetermined manner over time. One of the most infriguing aspects of biological systems,
for instance in flying creatures, is that they are able to augment the performance at
reduced energy consumption by tailoring their shape during flight. From an engineering
perspective, such a behavior could be reinterpreted as the capability of materials to modify
the shape while carrying loads. However, this is confradictory in terms of mechanical
properties of materials: shape changes require low stiffness while load-bearing needs
rigidity. Here we review some of the material design strategies that are being implemented
in the STM — MultiMat Laboratory (Multifuncitonal Materials Laboratory). In particular, two
key approaches are investigated by taking inspiration from the bat wing which is known to
be ultra-light and flexible with the capability to tune its rigidity. A carbon fiber composite
with an unsymmetric layup and with a thermosetting epoxy resin whose rigidity can be
modulated with temperature, transforms the composite info an unprecedented
mechanical actuator which exploits an unexpected impressive capability in lifting loads
during shape ftransitions. On the other hand, a novel 2D patterning of silicone micro-
filaments integrated with FesOs nanoparticles, is implemented to draw magnetically
activated nanoscopic textiles on an ultra-light and thin PVC fim. Once exposed to a
magnetic field, the textile stiffens the film over 100% with a negligible mass increase. Here
we demonstrate that the patterned membrane can be induced to morph into radically
different shapes, emulating the various configurations that are typically assumed by a bat
wing during its flight.
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$2.12 ENCAPSULANT FILMS FOR BIFACIAL HETEROJUNCTION
PHOTOVOLTAIC MODULES: PERFORMANCE AND DURABILITY

Nadka Tz. Dintcheva'”*, Claudio Colletti2

I Dipartimento di Ingegneria, Universita degli Studi di Palermo, Viale delle Scienze, Edificio
6, 90128, Palermo, Italia
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E-mail corresponding author: nadka.dintcheva@unipa.it

Nowadays, the energy recovery from renewable sources is a very attractive and
challenging issue. Therefore, production of photovoltaic (PV) modules, as efficient device
for energy recovery, becomes a consolidate and prosperous industrial practice and the
formulation of suitable encapsulant materials, having good performance and durability, is
a very important concern, see Figure 1.

Glass
Encapsulant
PV cells
Encapsulant

7 Glass

@ )
Figure 1. Novel, highly reliable bifacial heterojunction glass/glass PV module: (a) image and (b) schematic
structure representation (by 3SUN - ENEL Green Power, Italy).

In this work, encapsulant films based on PolyEthylene Vinyl Acetate (EVA) and PolyQOlefin
Elastomer (POE), containing appropriate additives, before (pre-) and after (post-)
lamination process, have been accurately characterized by differential scanning
calorimetry, rheological and mechanical analysis, FTIR and UV-visible spectroscopy
analyses. To simulate industrial lamination processing conditions, both EVApre-lam and
POEpre-lam sheets have been subjected to prolonged thermal freatment upon high
pressure and accurate analysis in terms of photo- and thermo- oxidation resistance, has
been carried out. Additionally, the replacement of silan-based adhesion promoter using a
polar wax for the formulation of encapsulant films has been evaluated too.

The durability, in terms of photo- and thermo- oxidation resistance, of pre-laminated and
post-laminated EVA and POE sheets, has been accurately evaluated upon UVB exposure
and prolonged thermal treatment, and the progress of degradation has been monitored
by spectroscopy analysis. All obtained results agree that the lamination process has
beneficial effect on 3D-structuring of both EVA and POE sheets, and after lamination, the
POE shows enhanced rigidity and appropriate ductility. However, although both EVA and
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POE can be considered good candidates as encapsulants for bifacial PV modules, it seems
that the POE sheets show a better resistant to the oxidation than the EVA sheets.
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7 Dipartimento di Ingegneria Civile e Ambientale, Universita degli Studi di Perugia, Strada di
Pentima 8, 05100, Terni, Italy

E-mail corresponding author: luca.valentini@unipg.it

Bioplastics made from protein, polysaccharide, etc., have been extensively investigated in
the last years. Materials such as silkworm silk and DNA can be considered as inexhaustible
biopolymers, as be extracted from any organisms including plants and animals. To date,
these materials have not been reported for applications to protect human skin from sunlight.
In this study, patches and tapes are realized as thin films or non-woven, aligned-spun fiber
textile material by exploiting the dissolution of silk fibers (e. g. regenerated silk (RS)) in
different solvents capable of dissolving salmon sperm DNA. Circular dichroism, infrared
spectroscopy and X-ray diffraction were used to investigate the conformational transition
of RS and DNA solutions in different conditions and the structure of solid RS/DNA bioplastic.
The RS/DNA bioplastic are water-insoluble and thermally stable. We therefore present the
validation of our proof of concept based on biological results on cellular metabolism (MTT
assay) after exposures to the simultaneous combinations of solar spectrum that consist in
the emission of UVB, UVA, VIS and nIR components. The obtained bioplastic absorbs UV
radiation, is pressure sensitive, adhesive once applied to the skin and improves the
metabolic activity of HaCat cells. This adhesive does not leave any residue on the skin after
its removal. Finally, RS fibers spun by direct extrusion in the air, create a water insoluble tape
with controllable secondary structure offering a useful method for packaging and storage
applications.



.\S‘\ 88

§3.1
$3.2

$3.3
$3.4
83.5

$3.6

83.7

$3.8
83.9

$3.10

S3.11
$3.12
$3.13
53.14
$3.15
53.16
53.17
$3.18
53.19
53.20
$3.21
53.22
§3.23
$3.24
$3.25

$3.26

AIMAT2023
Catania, 28 maggio — 1° giugno 2023

Titolo Cormresponding Author
PROCESS DEVELOPMENT OF CuCrr ALLOY VIA ELECTRONBEAM POWDER BED FUSION Stefano Felicioni
A COMPARATIVE STUDY OF PLA/GRAPHENE NANOPLATELETS MEMBRANES PREP ARED BY ELECTROSPINNING OR SOLUTION BLOW SPINNING Emm””gﬂ”xﬂ“”mo
TisAlsV MANUFACTURED BY COUPLING FUSED DEPOSITION MODELING (FDM) AND SINTERING: MECHANICAL PROPERTIES OPTIMIZATION Claudia Sergi
PURE POLY (PENTAMETHYLENE 2,5-FURANOATE] AND POLY (BUTYLENE 2,5-FURANOATE) ELECTROSPUN MATS: CHARACTERIZATION AND APPLICATIONS Sofia Santi
Inkjet printed TisCz electrodes for anode-free Zinc-ion battery Eugenio Gibertini
TAILORING MORPHOLOGY AND MECHANICAL PROPERTIES OF PLA/PBSA BLENDS OPTIMIZING THE EXTRUSION PROCESSING PARAMETERS WITH LUDOVIC® Vito Gigante

SIMULATIONSOFTWARE
DECARBONIZING THE CONSTRUCTION INDUSTRY BY REDUCING THE CLINKER CONTENTIN CEMENT AND THE CEMENT CONTENT IN CONCRETE: THE PROMISING AND
READY-TO USE SUSTAINABLE SOLUTION OF LC3 (LIMESTONE CALCINED CLAY CEMENT] CONCRETE
HIBRID POLYMERS MEMBRANES FOR SEP ARATION OF HYDROGEN/METHANE MIXTURES Lucio Bonaccorsi
CATHODIC PROTECTION MONITORING: DESIGN OF A NEW SOLID INTERNALBACKFILL FOR POTENTIALPROBES Marco Ormellese
DEVELOPIMENT OF FeSi STEEL WITH INCREASED S| CONTENTBY LASER POWDER BAD FUSIONTECHNOLOGY FOR FERROMAGNETIC CORES APPLICATION:
MICROSTRUCTURE AND PROPERTIES

Beatrice Malchiodi

Givlia Stornelli

RATIONAL DESIGN OF NEW SUSTAINABLE INTEGRATED SYSTEMFOR INDOOR CULTURES Monia Montorsi
STUDY OF THE INCORPORATION OF MICROPARTICLES IN COATINGS PRODUCED BY PLASMAELECTROLYTIC OXIDATION (PEQ) OF LIGHTWEIGHT ALLOYS Federica Ceriani
AN ASSESSMENT OF THE DIFFUSIBLE HYDROGEN RELEASE AND ITS EFFECT ON EXPERIMENTAL MEASURES Alessandre Carrozza
EXPANDED GLASS FROM POST-CONSUMER WASTERECYCLING Luca Cozzarini
SELECTIVELASER SINTERING OF BIO-BASED PBAT POWDER Giovanna Colucci
METAL MATRIX COMPOSITE APPROACH TO IMPROVE THE PROCESSABILITY OF 6061 ALLOY BY LASER POWDER BED FUSION Elisa Padovano
CORROSION BEHAVIOR OF 316L STAINLESS STEEL MANUFACTURED BY LASER POWDER BED FUSION Francesco Andreatta
CHARACTERIZATION AND DESIGN OF PURE PHOTOPOLYMERS AND SUSPENSIONS FOR DIGITAL LIGHTPROCESSING (DLP) Carlo Antonini
BI-LAYER YSZ TBCS: THE INFLUENCE OF MICROSTRUCTURE AND POWDER CHEMISTRY ON THE PERFORMANCES OF A GAS TURBINE COATING Simone Bursich
ASSESSMENT OF THE CORROSION BEHAVIOR OF AN HIGH-STRENGTH Al-Cu ALLOY PROCESSED VIA ADDITIVE MANUFACTURING Sergio Lorenzi
MICROSTRUCTURE INVESTIGATION OF A NI-BASED COMPCSITE FABRICATED BY LASER POWDER BED FUSION Givlio Marchese
METALHYDRIDE-POLYMER COMPOSITES FOR HYDROGENSTORAGE Marcello Baricco
WATER OIL EMULSION FLOCCULATION THROUGH CHITOSAN DE-SOLUBILIZATION DRIVENBY PH VARIATION Marco Frivli
ENVIRONMENTAL BARRIER COATINGS: NEW SOLUTIONS FOR PROTECTION OF CERAMIC MATRIX COMPOSITE COMPONENTS IN AIRCRAFTENGINES Laura Paglia
INTERLAMINAR PROPERTIES AND ABLATION RESISTANCEOF CARBON FIBER COMPOSITES DERIVED FROM HIGH CHAR YIELD MATRICES Maurizio Natali

NOWEL SYNTHESIS AND PROCESSING BY DIGITAL LIGHT PROCESSING OF CeQz-STABILZED ZIRCONIA COMPOSITES: INFLUENCE OF SECOND PHASES ON PRINTING

PARAMETERS AND IMICROSTRUCTURAL MECHANICAL PROPERTIES Blisax Fiurne



.. -
:

_ AIMAT2023
O Catania, 28 maggio — 1° giugno 2023

$3.1 TITLE -PROCESS DEVELOPMENT OF CuCrZr ALLOY VIA ELECTON BEAM
POWDER BED FUSION
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E-mail corresponding author: stefano.felicioni@polito.it

Among the copper-chromium based alloys, the precipitation hardened CuCrZr alloy shows
excellent functional properties (e.g., electrical, and thermal conductivity) associate with
moderate to high strength. Microstructural design plays a crucial role to obtain the right
combination of abovementioned properties. Unfortunately, the fraditional processing
techniques such as forging and casting does not offer a good control over microstructural
design. On the other hand, current advances in additive manufacturing (AM), make
possible to have a befter control of microstructural evolution as they provides high degree
of freedom in design. The Powder-Bed-Fusion (PBF) techniques involve infact rapid heating
and cooling rates which allow to obtain huge microstructural refinements, thereby
improving the mechanical properties without any significant loss in the electrical
conductivity. Compared to others Laser Powder Bed Fusion (L-PBF), the EB-PBF (Electron
Beam Powder Bed Fusion) AM technology offers many advantages in the processing of
copper alloys: it avoids difficulties associated to the high thermal conductivity and
reflectivity of copper-based materials and, not least important, EB-PBF is performed in high
vacuum environment to prevent oxidation. In this work, the process parameters optimization
of the CuCrZr alloy via EB-PBF has been performed adopting a trial-and-error approach. The
proper processing window for the achievement of dense and free of defects parts has been
identified; the effect of process parameters on microstructure was also investigated.
Moreover, a deep mechanical characterization and electrical conductivity tests have
been performed on samples fabricated with optimized process parameters.
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Electrospinning (ES) is one the most frequently reported technique to prepare nanofibers
mats. It has been recognized as promising technique to prepare nanofibres membranes. ES
easily allows to produce uniform and aligned fibers with homogeneous diameters that can
form membranes with high and interconnective porosity. On the other hand, ES displays
several disadvantages that have prevented industrial scalability such as a high production
time, high energy consumption, and operator safety hazards. Solution blow spinning (SBS) is
particularly interesting because of the possibility of producing nanofibrous membranes in
short times and without a high energy consumption since it uses only a pressure air flow to
promote the production of nanofibers. Therefore, a fast processing time and overall low
costs could make the nanofibrous membranes obtained by SBS competitive and industrially
scalable. It could be an interesting challenge to evaluate the existing difference, to form
the production to the application, of the same drug delivery systems produced for ES or SBS.
In this work, a comparative study was performed on nanofibrous PLA-based systems for a
controlled drug delivery application prepared with two different process techniques: ES and
SBS. CRV was added fo the polymeric solution as a liquid model molecule and, separately,
CHX was added as a solid model molecule. In some cases, GNP were also added in order
to study their effect on the release rate.

The PLA-based membranes were prepared by adopting two different kinds of processing,
namely, electrospinning (ES) and solution blow spinning (SBS). Figure 1 provides a pictorial
description of the two different routes adopted for producing different membranes.
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Figure 1. electfrospinning and solution blow spinning setup.
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MODELING (FDM) AND SINTERING: MECHANICAL PROPERTIES
OPTIMIZATION

Claudia Sergi'”, Fabrizio Sarasini!, Teodoro Valente!2, Jacopo Tirilld!

I Dipartimento Ingegneria Chimica Materialie Ambiente, Sapienza Universita di Roma, Via
Eudossiana 18, 00184, Roma, Italia

2 |stituto per i Polimeri, Compositi e Biomateriali (IPCB)-CNR, Via Campi Flegrei, 34 - 80078
Pozzuoli (NA), Italia

E-mail corresponding author: claudia.sergi@uniromal.it

Additive manufacturing is an on the rise production technique which ensures many
advantages compared to traditional manufacturing processes such as injection molding. It
enables a higher design freedom allowing to produce complex structures, waste
minimization, fast profotyping and promotes mass customization. If 3D-printed polymeric
components proved to be cost-effective especially for low-medium production volumes
thanks fo a reasonable cost of the apparatus that reduces the initial costs of investment,
this is not frue for 3D-printed metal components which require complex and expensive
equipment.

In this framework, the present work aims to overcome this drawback by coupling a common
3D-printing technique used for polymers, i.e. Fused Deposition Modeling (FDM), with well-
established debinding-sintering processes to produce cost-effective dense metal parts
starting from a polymeric filament highly-filled with metal powders. In particular, the work
focused on a Ti6AI4V alloy which is largely used in the biomedical sector where product
customization can significantly improve patient life quality. In this perspective, a lower cost
of the biomedical device could increase buyers’ audience allowing more people to take
advantage of component customization.

To make this 2-step process effective, it is fundamental to perform an optimization of the
printing parameters to achieve the highest possible mechanical properties. To reach this
aim the Design of Experiment technique and the surface response analysis were used to
optimize Ti6AI4V tensile and flexural properties by applying a 2-level full factorial design to
three fundamental printing parameters: layer thickness (200-300 um), nozzle temperature
(140-160 °C) and printing speed (15-25 mm/s). The mechanical characterization was
supported by a morphological one, i.e., surface fracture and grain size analysis and
microtomography, to study the correlation between printing parameters, mechanical
properties and microstructure.
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Sofia Santil”, Giulia Fredi', Nadia Lotti2, Michelina Soccio?, Andrea Dorigato!

I Department of Industrial Engineering and INSTM Research Unit, University of Trento, Via
Sommarive 9, 38123, Trento, Italy
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A great interest is turning to poly(alkylene 2,5-furanoate)s (PAFs), biobased polyesters
synthesized starting from 2,5-furandicarboxylic acid (FDCA) and glycols with a variable alky!
chain length. Sustainable and bioderived furanoate polyesters are emerging as promising
substitutes of petfrochemical-derived polyesters. Recent studies on PAFs showed that they
have very good thermal stability as well as better thermo-mechanical and gas barrier
properties than their oil-based terephthalic counterparts. Among PAFs, poly(butylene 2,5-
furandicarboxylate) (PBF) and poly(pentamethylene furanoate) (PPeF) have been
considered very promising materials for different applications.

PBF and PPeF have a very similar repeating unit that differs in just one methyl group, but
they have remarkably different physical and mechanical properties as films produced by
compression molding. In the literature, any information about the development of
electrospun mats based on PBF or PPeF is reported. For this reason, the presented work aims
to report a detailed study on the feasibility to produce nanofibrous mats of PBF and PPeF
by electrospinning and an accurate characterization of the thermal, physical, mechanical
and biological properties. In particular, (i) the solubility of the polymers in different solvent
mixtures, (i) the viscosity and concenftration of the spinning dopes, (iii) the spinning rate, (iv)
the applied voltage and (v) the glass fransition temperature were selected as the main
parameters for the production of PPeF and PBF electrospun mats at controlled conditions
of humidity and temperature. The optimized PPeF and PBF were also mechanically
characterized by tensile tests and the potential application of PPeF and PBF electrospun
mafts as biomedical device was also evaluated: the optimized PPeF and PBF mats were
freated under vacuum for the removal of residual solvents (Figure 1) in order to proceed

with a cytotoxic test through LDH assay, cell adhesion of human fibroblasts (Figure 2) and
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release tests of dexamethasone to investigate the suitability as an implanted device or a

dermal patch.
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Figure 14. FESEM images of (A) PBF mats, (B) PPeF mats obtained by the electrospinning of the PPeF solution in
HFIP and (C) PPeF mats derived from PPeF solution in DMF/CHCIs after removal of residual solvents.
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Figure 2. FESEM images of fibroblast MRC5 adhesion on (A) PBF mats, (B) PPeF mats obtained by the
elecfrospinning of the PPeF solution in HFIP and (C) PPeF mats derived from PPeF solution in DMF/CHCls after 3
days of culture.
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E-mail corresponding author: eugenio.gibertini@polimi.it

The quick spreading of wearable electronics technologies and IoT (Internet of Things)
devices urgently need the development of flexible and miniaturized energy storage
devices [1]. In this regards, Li-ion batteries (LIBs) always poses safety concerns for the use of
hazardous electrolyte, in particular when wearables are placed in close contact to human
body. Zinc-ion batteries (ZIBs) are considered as a promising alternative to LIBs because of
the employment of more friendly electrolytes and low cost and high theoretical capacity
of the Zn metal anode [2]. However, the use of bulky Zn metal sheet is not feasible for
wearable energy storage devices. The anode-free battery configuration could solve the
issue and, in this regard, Ti3C2Tx MXenes have been demonstrated as promising
“zincophilic” substrate for smooth and efficient zinc plating and stripping process [3,4].

In this work, we investigate inkjet-printed TisC2 MXene thin coatings as an ideal substrate for
anode-free ZIBs. The zinc metal nucleation phenomena on MXene 2D sheets were
investigated by elecfrochemical potentiodynamic polarization techniques as well as
galvanostatic ones, comparing them to a zinc metallic foil. Ex-situ electron scanning
microscopy (SEM) and in-situ morphological investigation allowed to reveal the surface
modification of the inkjet printed MXene electrodes, defining the optimal electrochemical
parameters and electrolyte composition for a stable and uniform Zn plating on the Ti3C2
electrode, paving the way to the development of all inkjet printed anode-free ZIBs.

P

Ti,C, inkjet printed electrode

Figure 1. SEM image of the cross-section of the inkjet printed TisCz thin film as zincophilic electrode for anode-free ZIBs.
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$3.6 TAILORING MORPHOLOGY AND MECHANICAL PROPERTIES OF
PLA/PBSA BLENDS OPTIMIZING THE EXTRUSION PROCESSING PARAMETERS
WITH LUDOVIC® SIMULATION SOFTWARE

Vito Gigante!2”, Laura Aliotta'2, Bianca Dal Pont! Vincenzo Titone?23, Luigi Botta23, Francesco Paolo
La Manftia23, Andrea Lazzeril 2

' Department of Civil and Industrial Engineering, University of Pisa, L.go L. Lazzarino 1,
56122, Pisa, Italy
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3 Department of Engineering University of Palermo, Viale delle Scienze, 90128, Palermo,
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To think in a sustainable way, the use of bio-based plastics for tailored applications would
be the solution to follow, especially in relation to the need of emancipation from oil
resources. Nevertheless, the full exploitation of biopolymers is strictly connected to the final
properties achieved and the capability to up-scale the production processes. In this
context, above all for blends systems (in which it is necessary to capitalise on the
advantages of the polymers involved) the evaluation of the processing behavior and the
optimization of the parameters is of paramount importance. At industrial scale, polymer
blending is carried out in twin-screw exfruders; even if it is well known the correlation
processing/morphology/properties and that the final morphology of the blends depends
on the miscibility of the substances that constitute the system, the identification of the best
processing conditions, such as the optimal screw speed, feeding rate and shear rate is still
done by a frial and error approach.

For all these reasons, the idea of this work is to optimise the extrusion process parameters
through a 1D software aided DoE to simplify and speed up the parameters selection process
for a polylactic acid (PLA)/polybutylene succinate-co-adipate (PBSA) system blends with
different PLA/PBSA ratios. Ludovic® software, indeed, has been developed to provide data
on the evolution of many outputs (temperature, viscosity, shear rate) along the screw axis.

In the present work, the simulation results have been compared with real extrusions in a
constrained range of process conditions; in addition morphological, rheological,
mechanical and DMTA tests have been performed directly on the filaments produced
avoiding a secondary process that could influence the final properties. The materials
compounded, employing the best processing parameters, showed a satisfying
accordance with the predictions, demonstrating the usefulness of the simulation tool.
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Figure 15. Example of work pathway: simulation->extrusion->testing.
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$3.7 DECARBONIZING THE CONSTRUCTION INDUSTRY BY REDUCING THE
CLINKER CONTENT IN CEMENT AND THE CEMENT CONTENT IN CONCRETE:
THE PROMISING AND READY-TO USE SUSTAINABLE SOLUTION OF LC3
(LIMESTONE CALCINED CLAY CEMENT) CONCRETE

Beaftrice Malchiodi'2*, Karen Scrivener?, Paolo Pozzi!, Cristina Siligardi!

' Department of Engineering Enzo Ferrari, University of Modena and Reggio Emilia, Via
Vivarelli 10, 41125, Modena, Italia

2 Department of material science and engineering (IMX), Ecole Polytechnique Fédérale
de Lausanne (EPFL), Laboratory of Construction Materials, CH-1015 Lausanne, Switzerland

E-mail corresponding author: beatrice.malchiodi@unimore.it

The decarbonization of the construction industry will contribute to 8% reduction of the
overall CO2 emission by 2050. There is a clear consensus that reducing the clinker content
in cement along with reducing the cement content in concrete is the main sfrategy to
achieve this goal. Combining both premises, this study was designed to further reduce the
carbon footprint of the most promising and ready-to-use sustainable binder, i.e., Limestone
Calcined Clay Cement (LC3), and of LC3 structural concrete. Fifteen sustainable concrete
mixes were designed fo reduce the LC3 binder content below the amount prescribed by
the consfruction standards (300 kg/m3) up to 250 kg/m3 while replacing up to 75% of the
clinker content in cement.

The fresh, mechanical and durability properties of the designed sustainable concrete mixes
were tested and compared to those of the correspondent Ordinary Portland cement (OPC)
concrete. The results showed that a lower binder content, given proper workability
maintained, does not involve a loss in performance. On the contrary, LC3 concrete mixes
with a 40-75% reduction in clinker content showed (i) acceptable slump using different levels
of PCE-based SP, (i) equivalent 7- and 28-days compressive strength and elastic modulus,
(i) incredibly lower chloride permeability in comparison with the confrol OPC concrete.
These performance indicators were then integrated into the functional unit of a cradle-
fogate life cycle assessment to compare the environmental impact of each LC3 blend and
select the most sustainable in term of lowest Global Warming Potential (GWP).
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$3.8 HIBRID POLYMERS MEMBRANES FOR SEPARATION OF
HYDROGEN/METHANE MIXTURES

Lucio Bonaccorsi'2*, Angela Malara!, Antonio Fotia3, Patrizia Frontera! 3
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Mediterranea of Reggio Calabria, 89124 Reggio Calabria, Italy
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In the upcoming shift to a hydrogen economy, membrane technologies and material
development appear essential for the separation of hydrogen from natural gas. It might be
less expensive to transport hydrogen through the current natural gas infrastructure than
through new pipes. Currently, a lot of research is being done on the creation of novel
structured materials for gas separation applications, including the blending of different
additives in polymeric matrix. The mechanism for gas fransport in those membranes has
been clarified affer numerous gas pairs have been studied. To support the shift to more
sustainable energy sources, the selective separation of high purity hydrogen from
hydrogen/methane mixtures is currently a major challenge and requires significant
improvement. Fluoro-based polymers, like PVDF-HFP (Poly(vinylidene fluoride-co-
hexafluoropropylene) and NafionTM, are among the most widely used membrane materials
in this situation because of their remarkable properties, even though further optimization is
required.

In this study, thick graphite surfaces were coated with thin films of hybrid polymer-based
membranes. To separate hydrogen/methane gas mixtures, various weight ratios of PVDF-
HFP and NafionTM polymers supported over 200 um thick graphite foils were tested. To study
the mechanical behaviour of membranes, small punch tests that replicated the testing
environment were conducted. Finally, at room temperature and close to atmospheric
pressure, the permeability and gas separation activity of hydrogen/methane over
membranes were studied. In the developed membrane with the best performance, a 32.6%
(v%) H2 enrichment was observed. The values of experimental and theoretical selectivity
were also in good agreement.
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$3.9 CATHODIC PROTECTION MONITORING: DESIGN OF A NEW SOLID
INTERNAL BACKEFILL FOR POTENTIAL PROBES

Marco Ormellese!”, Silvia Beretta!, Andrea Brenna!

I Dipartimento di Chimica, Materiali e Ingegneria Chimica “G. Natta”, Politecnico di Milano,
Via Luigi Mancinelli 7, 20131, Milano, Italia

E-mail corresponding author: marco.ormellese @polimi.it

According to ISO 15589-1, the assessment of cathodic protection efficiency is based on IR-
free potential measurement, i.e., without the ohmic drop contribution. For buried structures,
as pipelines or tanks, the ohmic drop is typically not negligible, due to the high soil resistivity
and the presence of flowing direct currents, such as the cathodic protection current or the
current dispersed by the public transportation systems.

The use of potential probes is continuously increasing, thanks to their accuracy in the
potential measurements and the possibility to assess cathodic protection efficiency even in
the presence of stray currents. A potential probe consists of a fixed Cu/CuSOu4 reference
electrode and a metallic coupon close to it (Figure 1a). The coupon is permanently
connected to the sfructure in cathodic protection and simulates a coating defect.

One drawback of the use of the potential probe is related to the leakage of the copper
sulphate solution, contained in the plastic case of the probe, through the porous septum.
At the same time, contaminants, as chloride ions, could permeate through the septum into
the probe, polluting the internal electrolyte. Hence, their lifetime is limited only to a few
years. Recently, internal copper sulphate gels have been proposed instead of the liquid
solution even if the duration increase is limited.

In this work, a new internal solid electrolyte (backfill) for potential probes is proposed. In the
first phase, some mixtures consisting of copper sulphate and a solid binder in different
proportion with water were studied. Then, conductivity and mass loss measurements were
carried out to investigate the stability of the backfills to the exposure in dry or wet soils. The
most promising backfills were selected for the preparation of a Cu/CuSOs reference
electrodes (Figure 1b), which potential accuracy was measured by long-term tests trials.
Results show the higher stability of the backfill prepared with gypsum as binder, both as
lifetime increase and potential measurements.
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Figure 1. a) Schematic view of a potential probe; b) portable CSE reference electrodes with solid electrolyte.
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$3.10 DEVELOPMENT OF FESI STEEL WITH INCREASED S| CONTENT BY LASER
POWDER BAD FUSION TECHNOLOGY FOR FERROMAGNETIC CORES
APPLICATION: MICROSTRUCTURE AND PROPERTIES

Giulia Stornelli ', Ermanno Cardelli !, Andrea Di Schino ', Antonio Faba !, Roberto Montanari 2,
Mirko Sgambetterra 3, Alessandra Varone 2

I Dipartimento di Ingegneria, Universita degli studi di Perugia, Via G. Duranti 93, 06125,
Perugia, Italia

2 Dipartimento di Ingegneria Industriale, Universita di Roma *'Tor Vergata'', Via Via del
Politecnico 1, 00133, Roma, Italia

3/talian Air Force - Aeronautical and Space Test Division, Via Pratica di Mare 45, 00040
Pomezia, Italia

E-mail corresponding author : giulia.stornelli@unipg.it

The conventional production of ferromagnetic cores involves the production of thin sheets
in FeSi steel which, given the inherent brittleness and poor workability of the steel, limits the
Sicontent to a maximum of 4.0 wt%. Additive manufacturing technologies represent a valid
alternative for the production of FeSi steels components with optimized Si content. In this
work, Laser Powder Ben Fusion technology was used to produce samples and components
of two grades of FeSi steels, with standard (3.0wt% - FeSi3) and high (6.5wt% - FeSi6.5) Si
content. The study is aimed to optimize the process parameters thus obtaining components
suitable for magnetic applications. Moreover, the effect of post-production annealing heat
freatment, in both microstructural and texture evolution, was investigated. The
experimentation included microstructural analysis by optical and scanning electron
microscope, EBSD, X-ray diffraction analysis and electro-magnetic measurements. The
examined FeSi steels present some relevant differences:

- all grains of FeSi3 are columnar whereas for FeSié.5 the microstructure is a mix of columnar
and equiaxed grains;

- all columnar grains have the [100] orientation parallel to build direction whereas equiaxed
ones exhibit various orientations;

- after annealing the grain size and shape of FeSi3 do not remarkably change also at the
highest temperature of 1150 °C (Fig.1(a)) whereas relevant variations take place in FeSi6.5
in which, at 1150 °C, the equiaxed grains completely cover the sample surface (Figl(b)).
Regarding the magnetic behavior, electromagnetic measurements were carried out on
samples with optimized geometry and subjected to annealing at 1150°C. Results showed
that FeSi6.5 samples exhibits less eddy current effects in comparison to FeSi3 resulting in
higher magnetization capability and reduced power losses over than 50%. Improved post-
production processes may lead to promising technology for making components for
magnetic applications with high Si content FeSi steels.
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Figure 1. EBSD images of (a) FeSi3 steel following annealing heat freatment at 1150 °C for 1 hour (columnar
microstructure) and (b) FeSié.5 steel following annealing heat treatment at 1150 °C for 1 hour (equiaxed grain
microstructure)
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$3.11 RATIONAL DESIGN OF NEW SUSTAINABLE INTEGRATED SYSTEM FOR
INDOOR CULTURES
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sDepartment of Engineering “Enzo Ferrari”, University of Modena and Reggio Emilia,
Modena, Italy

‘Department of Life Sciences, University of Modena and Reggio Emilia, Reggio Emilia, Italy
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A new integrated system for house and vertical gardens cultures is proposed in this study by
synergic application of innovative fertilizer and LED lighting. Rational Design, based on
Design of Experiments methods, has been used to develop new NPK fertilizers constituted
by a core of light weight aggregates derived by agri-food and posf-consumer waste
enriched with potassium and phosphorus, coated by organic materials derived by waste
valorization by using Black soldier flies. NPK fertilizers were characterized by physical and
chemical properties, considering their nutrients’ release capability for lettuce growth (figl).
Same rational approach has been used to derive the LEDs lighting conditions promoting
plant growth and obtaining robust models correlating fertilizer quantity, compositions, LEDs
light with finals plant growth parameters. A controlled environment in terms of temperature
and humidity (climatic chamber) was employed, whereas differents LEDs were considered
as variables in the experimental plant, as well as the quantity of NPK fertilizer in the soil. The
experimental achievements of this study identify an approach to improve the
environmental sustainability of indoor horticulture, especially when realized in the urban
context. At the same time, well-tailored light recipes for lettuce growth were calculated,
avoiding loss of beneficial and critical resource such as water and nutrients (Nitrogen,
Potassium, and Phosphorous). The involvement of wastes into the process is part of their
valorization in the circular economy approach and perfectly in agreement with the
European guidelines.
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Figurel. Scheme of fertilizer design, realization, and technological indoor cultivation box.
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$3.12 STUDY OF THE INCORPORATION OF MICROPARTICLES IN COATINGS
PRODUCED BY PLASMA ELECTROLYTIC OXIDATION (PEO) OF LIGHTWEIGHT
ALLOYS
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Microparticles could be used as additive in the electrolytic solution during plasma
electrolytic oxidation (PEQ) of valve metals (mainly Al, Tiand Mg) to improve the thickness
and the compactness of the produced oxide coatfings, enhancing their corrosion
resistance. Microparticles can fill the film porosity, whose formation is intrinsically related to
the occurrence of discharges during the PEO process, reducing the defectiveness of the
oxide structure. As a result, the corrosion resistance of the coatings is improved since the
number and dimension of defects, which may facilitate the penetration of aggressive
substances through the oxide, are significantly reduced. Moreover, the larger the particles
retention within the oxide, the higher its thickness; this leads to a further growth of the
coating resistance to corrosion.

The present research is focused on the comparison of the effects of particles incorporation
within PEO coatings on lightweight alloys. Two types of particles, namely rutile and anatase
(TiO2) microparticles (diameter < 5 um), are considered. The PEO treatment is performed
working in alkaline solutions based on NaOH and KOH with the addition of Naz2SiOs. Both DC
and AC electrical regimes are applied. PEO coatings are analysed by scanning electron
microscope (SEM), energy dispersive spectroscopy (EDS) and X-ray diffraction (XRD)
analyses. In addition, electrochemical impedance spectroscopy (EIS) in NaCl 3.5 wt% is
carried out to evaluate the surface activity of the PEO samples. Particles uptake increases
with the plasma duration over the electrode surface, promoting the formation of thick oxide
coatings. The oxide structure is characterized by a uniform fine porosity when treated under
AC conditions, while working in DC regime less numerous but larger pores are generated.
Thus, AC coatings show a better barrier effect against the penetration of corrosive species,
which results in higher impedance values and then in an improved corrosion resistance.



|
C

_ AIMAT2023
) Catania, 28 maggio - 1° giugno 2023

$3.13 AN ASSESSMENT OF THE DIFFUSIBLE HYDROGEN RELEASE AND ITS
EFFECT ON EXPERIMENTAL MEASURES
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Green hydrogen is a promising low-impact energy carrier for reducing carbon emissions,
but its safe fransportation through existing pipelines still requires thorough materials
compatibility investigations. Several experimental approaches are possible to determine
the effect of hydrogen on alloys (e.g., slow strain rate, fracture mechanics test). All these
methods study the impact of hydrogen on the mechanical properties. These effects are
generally related to the concentration of total diffusible hydrogen inside the metal lattice,
but this value (generally measured ex-situ) is difficult to obtain. Despite the possible
experimental variability, uncertainties remain in the results because of the lack of control
over the amount of hydrogen released by the samples after charging. The time gap
between the end of charging and testing can also affect the detected hydrogen
concentration.

This study focuses on addressing these issues by using an electrochemical approach
(solubility tests) to assess the time effect on hydrogen concentration on X65 pipeline steel
samples. These underwent cathodic polarization to infroduce hydrogen into the specimens.
Then, an anodic polarization was performed, while measuring the circulating current, that
can be correlated to the diffusible hydrogen released from the material. This process was
conducted considering different time gaps between the two charging operations, allowing
to determine the hydrogen release naturally occurring in air.

The results of this study show that the diffusible hydrogen concentration decreases at
increasing time gaps, as illustrated in Figure 1a. These findings emphasize that even after
very short period between the hydrogen charging and testing phases, significant diffusible
hydrogen release happens (Figure 1b).

These finding emphasize that the time window between charging and testing is of primary
importance when investigating the compatibility of hydrogen with metal alloys, even if this
aspect is often neglected.
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Figure 1 — Evolution of the absolute (a) and relative (b) concentrations of hydrogen in X65 pipeline steels after
different time gaps between hydrogen charging and testing.
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Expanded glass samples are obtained from the recycling of post-consumer waste. Their
mechanical, thermal and acoustic properties are characterized as a function of process
parameters. Preliminary results show that it is possible to produce glass foams with thermal
and acoustic insulation properties from a blend composed of 98% post-consumer glass
waste and 2% expanding agent. This latter is a mixture of carbon and transition metal oxides,
extracted from different sources of post-consumer waste. The glass foams are produced
after heating the blend, in the form of fine powder, in a ventilated furnace at temperatures
between 800 and 900°C for time ranging from 30 and 60 minutes. The glass foam samples
have densities in the range of 150-250 kg/m3, porosity of 80-90%, thermal conductivity values
of 80-100 mW m-' K1, noise reducing factors of 0.15-0.40 and compressive strengths of 1.0-
2.5 MPa. Although the insulating performances are not as outstanding as those of polymer
foams or mineral wool, these materials can emerge as competitive candidates for
applications requiring moderate thermal and acoustic insulation properties in combination
with low weight, mechanical strength, non-flammability and high temperature load
bearing-capacity. Moreover, the use of 100% recycled raw materials limits the energy and
the resource required for their production, if compared to those needed for the extraction,
fransportation, and processing of primary raw materials, making these foams atfractive also
in terms of environmental impact.
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Bio-based polymers are environmentally friendly materials that can be used as sustainable
alternatives to the traditional fossil-based polymers.

Among these, poly(butylene-adipate-co-terephthalate) (PBAT) is one of the most important
due to its biodegradability, good thermal and mechanical properties, whose applications
are wide-ranging and significantly growing, from agriculture to food packaging, from textile
fo biomedical field.

The aim of the present work is to use for the first time PBAT as starting polymer for Additive
Manufacturing, and specifically for Selective Laser Sintering (SLS). In recent years, SLS has
become the most popular AM process due to its high accuracy, productive efficiency, and
surface quality. However, there are very few commercially available polymeric materials
suitable for this technique.

In fact, itis very difficult to produce polymeric powders with specific particle size and shape,
good flowability and processability, useful for SLS applications.

The present study started with the production of PBAT powder, through an emulsion solvent
evaporation method, with the purpose to investigate the 3D-printability of the bio-based
polymer by SLS. The PBAT powder was fully characterized by morphological and thermal
point of view. Finally, 3D prinfed components with increasing complexity were successfully
realized, from monolayer and multilayer prints with simple geometry, to more complex-
shaped structures, such as six-pointed stars or a hexagon with an infricate internal profile
and holes.

This can represent a valid approach for producing novel biodegradable 3D printed objects
using bio-based polymers that can replace the conventional polymers for many different
added-value applications.
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Laser Powder Bed Fusion (LPBF) is one of the most widespread additive manufacturing
technologies due to its high process flexibility. Thanks to the layer-by-layer strategy, LPBF
offers in fact the possibility to fabricate metallic components with a high degree of
geometrical freedom without the use of moulds, overcoming the main barrier of fraditional
manufacturing processes. The advantages of this innovative process have atfracted an
increasing inferest in processing high performant materials for which the optimization of
customized parts can be exploited in a wide range of applications. In this context, Al alloys
are very attractive for manufacturing parts showing an excellent strength-to-weight ratio in
addition to a relatively low cost. Currently, cast alloys with near eutectic composition such
as AlISiTOMg, AlSi12 and A357 are the most studied thanks their solidification properties which
make them suitable to be processed for LPBF. However, there is an increasing interest in the
development of other Al-based systems such as high-strength aluminium alloys (e.g., 2000,
6000 and 7000 series) characterized by good workability and high specific strength.
Unfortunately, their processability for LPBF is very challenging due fo their large solidification
range, poor melt flowability and high cracking susceptibility.

Among the different strategies that can be used to improve the processability of these
materials, this work is focused on the study of the process window for the LPBF
manufacturing of AA6061 parts using a metal matrix composite approach.
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Figure 1. SEM micrograph of PLBF processed sample.

The evolution of powdered system constituted by a 6061 matrix reinforced with Ti and B4C
is investigated as a function of process parameters variation in order to obtain dense
composite material. The in-situ reaction mechanism is discussed in addition fo the
relationship between LPBF parameters, the microstructure and defects formation with a
focus on cracks development.
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This work investigates the protective properties of oxide films on AISI 316L stainless steel
produced by laser powder bed fusion (L-PBF) and those of its wrought counterpart. The
behavior of nearly defect-free oxide layers obtained on polished surfaces is compared to
that of oxide layers present on the as printed surface.

The L-PBF specimens investigated in this work were manufactured with a Concept Laser M2
Cusing machine, equipped with a 400 W single-mode CW ytterbium-doped fiber laser with
emission wavelength of 1070 nm. Process parameters were optimized in order to obtain
samples with very low porosity. The L-PBF stainless steel specimens were tested in the as
produced condition without stress relief or recrystallization heat treatments.

A detailed characterization of the microstructure and electrochemical behavior of the L-
PBF and wrought 316L stainless steel was carried out by FE-SEM and AFM. This work combines
different  electrochemical methods (open circuit potential measurements,
potentiodynamic polarization and elecfrochemical impedance spectroscopy) to evaluate
the different oxide layers on L-PBF and wrought 316L specimens. In addition, a localized
electrochemical approach combining the micro-cell technique and the scanning kelvin
probe force microscope (SKPFM) were employed to highlight the corrosion susceptibility of
the as printed surface.



|
C

AIMAT2023
O Catania, 28 maggio — 1° giugno 2023

$3.18 CHARACTERIZATION AND DESIGN OF PURE PHOTOPOLYMERS AND
SUSPENSIONS FOR DIGITAL LIGHT PROCESSING (DLP)

Rajat Chaudhary!, Raziyeh Akbari!, Carlo Antonini'”*

' Department of Materials Science, University of Milano-Bicocca, Via R. Cozzi 55, 20125
Milan, Italy

E-mail corresponding author: carlo.antonini@unimib.it

Several additive manufacturing (AM) technologies are nowadays available for layer-by-
layer fabrication of complex parts, allowing reduction of costs and waste compared to
conventional manufacturing technologies. Among all AM technologies, digital light
processing (DLP), an advanced version of stereolithography (SLA), is emerging for
manufacturing 3D objects using liquid photopolymers and suspensions (e.g. including
ceramic and metal particles) as feedstock. With the rapid growth of the technology in the
last few years, DLP requires a rational design framework for printing process optimization
based on the specific material and printer characteristics. In this study, a systematic
characterization of both pure photopolymers and suspensions is presented, discussing two
radiation-independent characteristic parameters of photopolymers: the critical energy (Ec)
and the penetration depth (Dp). The discussion also includes some of the basic theoretical
aspects of light-matter interaction that can guide the manufacturing process development
and optimization. The proposed methodology enables printing optimization for any material
and printer combination, based on simple preliminary material characterization tests to
define the printing space. The methodology can be generalized and applied to other vat
polymerization technologies.

Defined layer
thickness

Pure photopolymer

Printing
space

Layer thickness

min tnax EXposure time Metal suspension

Figure 1. Optimal printing space for 3D printing by digital light processing (DLP, left), with examples of complex
3D printed objects using a pure photopolymer (top right) and a metal suspension (bottom right).
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$3.19 BI-LAYER YSZ TBCs: THE INFLUENCE OF MICROSTRUCTURE AND
POWDER CHEMISTRY ON THE PERFORMANCES OF A GAS TURBINE
COATING

Bolelli G, Bursich S2*, Cavazzini G2, Lusvarghi L, Morelli St, Ricci C!, Testa V!

'Department of Engineering “Enzo Ferrari”, University of Modena and Reggio Emilia, Via
Pietro Vivarelli 10, 41125, Modena, Italy
2lincotek Rubbiano, Via Mistrali 7,43046, Rubbiano di Solignano (PR), Italy

E-mail corresponding author: simone.bursich@lincotek.com

The adoption of Thermal Barrier Coating (TBC) systems with high-yttrium zirconia is constantly
increasing in the Oil&Gas and aviation fields due to demanding turbine temperatures. High-
yttrium compositions represent an economical and easy choice fo obtain TBCs with better
phase stability than “standard” 7-8YSZ at high temperatures and chemical resistance to
molten silicate deposits (“CMAS”).

The aim of this work was to study the performances of ceramic bi-layer coating systems
deposited by Atmospheric Plasma Spraying (APS) using an innovative cascade plasma
forch. The bilayer systems comprised an inner layer of standard 7-8YSZ and a top layer of
2rO2-20wt. % Y20s.

The bottom and top layers were obtained using agglomerated powders of the respective
compositions, producing systems with porous and Dense-Vertically Cracked (DVC)
microstructures for both layers. Hastelloy-X substrates with a HVOF-APS “Flash” NiCoCrAlY
bond coat were used for all the coating tested.

The thermomechanical behavior and bond strength of the samples were analyzed through
Thermal Cycling Fatigue (TCF) and tensile adhesion (ASTM C633) tests.

Chemical attack by molten CMAS (CaO-MgO-Al:0s-Si0O2) deposit at high temperature was
also performed. FEG-SEM, XRD and Raman Spectroscopy techniques were used to
characterize the coating systems before and after TCF and CMAS-corrosion tests,
elucidating their degradation mechanisms.
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$3.20 ASSESSMENT OF THE CORROSION BEHAVIOR OF AN HIGH-STRENGTH
Al-Cu ALLOY PROCESSED VIA ADDITIVE MANUFACTURING

Sergio Lorenzi'”, Marina Cabrini!, Alessandro Carrozza'*, Denny Coffetti!, Luigi Coppola!, Lorenzo
Nani', Tommaso Pastore!

' Department of Engineering and Applied Sciences, University of Bergamo, Viale Marconi,
5, 24044 Dalmine (BG), Italy

E-mail corresponding author: sergio.lorenzi@unibg.it/alessandro.carrozza@unibg.it

The decarbonization of our society is one of the biggest challenges faced by scientists in
this century. In this framework, creating a smart, efficient and sustainable mobility system is
a key factor. For instance, the transportation sector accounts for approximately 25% of the
fotal greenhouse gas emissions in Italy.

One of the possible strategies to reduce the total emissions generated by vehicles focuses
on weightreduction. Therefore, the transportation industry is experiencing a growing interest
towards high-strength and low-density materials, such as aluminum alloys. In particular, Al-
Cu systems (2xxx series) are very promising due to the relatively high mechanical
performances achievable.

Additive manufacturing (AM) technologies represent another interesting trend in the
current industry, due to their potential for material waste reduction, high strength granted,
and ability tfo generate complex designs, allowing the production of lightweight
components.

For the above reasons, the application of AM technologies to process Al-Cu alloys is a very
promising strategy in the sustainable mobility framework. However, these materials are
usually characterized by a lower corrosion resistance, due to the higher nobility of Cu with
respect to Al, thus possibly compromising the durability of these alloys. Hence, this work
focuses on the comparative analysis of AM-processed 2139 and AlSilOMg alloys in terms of
corrosion behavior in a NaCl- and NA:2SOs-rich solution. The specimens were investigated
via electrochemical impedance spectroscopy (EIS), potentiodynamic polarization, and
susceptibility to intergranular corrosion tests. In general, the 2139 alloy provided a more
active behavior in the potentiodynamic polarization curves (Figure 1a) and two well-
defined time constants and lower impedance modulus and low frequencies in the EIS
curves (Figure 1b). These results confirm the critical corrosion behavior of the 2139 alloy,
even if an AM technology is deployed.
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Figure 1 — Potentiodynamic polarization (a) and EIS (b) curves of the AM-processed 2139 and AlSi1TOMG alloys.

Catania, 28 maggio — 1° giugno 2023

AlSi1OMg

T
10°

I,
107

Current density (mA/cm?)

(b)
100000 90
000006, 480
]0000__0000 .0000.
.= %0066 o e oo 470
O 2 go o0 1
X 80 < -+ 60
S o o (Y
= 10004 o ¢ o AISiTOMg
g o o 45 —
35 OOOO ° 2
9 © ]
o o O . 440 8
= < A
© 100 o © a
9 2139 o Oue o L
s %0 Yo ls,. |
g ‘ 0858888 5
£ 10+e .. @ o. i
@
o0 10
°_@
o .;|'
! t t t t t 0
0.01 0.1 10 100 1000 10000

Frequency (Hz)



|
C

_ AIMAT2023
) Catania, 28 maggio - 1° giugno 2023

$3.21 MICROSTRUCTURE INVESTIGATION OF A NI-BASED COMPOSITE
FABRICATED BY LASER POWDER BED FUSION

Giulio Marchese!' 27, Serena Lerda'2, Emilio Bassini'2, Mariangela Lombardi' 2, Daniele Ugues! 2,
Paolo Fino'2, Sara Biamino!'2

'Department of Applied Science and Technology, Politecnico di Torino, Corso Duca degli
Abruzzi 24, 10129, Torino, Italy

2Center of Integrated Additive Manufacturing (IAM), Politecnico di Torino, Corso
Castelfidardo 51, 10129, Torino, Italy

E-mail corresponding author: giulio.marchese@poalito.it

Inconel 625 (IN625) is a Ni-based superalloy that combines good mechanical performance
with elevated resistance in harsh environments at high temperatures. This alloy can be easily
processed by the additive manufacturing laser powder bed fusion (LPBF) process, allowing
the production of complex near-net shape components in a single step. Typically, IN625
alloy can be used for a broad range of applications in the aerospace, marine, and energy
industries.

Nowadays, there is a growing interest in developing materials with superior mechanical
performance for the industry. One sfrategy that allows the production of higher-
performance materials is represented by adding ceramic particles into the Ni-based
superalloy, thus creating Ni-based composites.

In the present study, a mixed powder of IN625 and TiC particles was processed by LPBF
process. Initially, a process parameter optimization was performed to identify the most
suitfable parameters to obtain dense composite (IN625/TiC) samples. The investigation
demonstrated that it is possible to obtain a densification level similar to the IN625 alloy
(porosity less than 0.15 %). The microstructure of the as-built composites revealed the
formation of columnar grains along the building direction, as observed for the IN625 alloy.
For the composite, the TiC particles chiefly remained along the grain boundaries as well as
the melt pool contours. Applying high-temperature heat treatments revealed higher
microstructure stability of the composites with respect to the IN625 alloy. For instance, the
solution-annealing at 1150 °C induced full recrystallization for the alloy while the composite
still presented columnar grains along the building direction (Figure 1). In fact, the TiC
particles hinder the recrystallization and grain growth. Finally, the mechanical performance
of the composite was compared to the IN625 alloy. This study drives attention to the
potential of the development of metal matrix composites by LPBF process.
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Figure 16. light optical images of the as-built and heat-freated IN625 and composite samples.
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$3.22 METAL HYDRIDE-POLYMER COMPOSITES FOR HYDROGEN STORAGE
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Despite the advantages posed by hydrogen as an energy carrier, extremely low
temperatures for the liquid form or high-pressure for the gas phase are necessary for its
storage. Solid-state technologies, using metal hydrides (MH), allow to obtain high-volume
hydrogen storage capacity and tfo improve the safety. For this purpose, MH is typically
placedin a packed bed reactor as a loose powder. However, in the long-term applications,
MH powders undergo a "breathing effect", where the several cycles of absorption and
desorption of hydrogen cause the material to pulverize, causing pipe deformation at the
bottom portion of the reactor and affecting the overall storage efficiency and thermal
management of the system. An alternative solution is to compact the pressed powder into
pellets, enhancing mechanical stability, improving thermal conductivity, and increasing
mass transfer between hydrogen and the material.

The aim of this work is to synthesize a composite material of LaNis-type MH with a polymeric
binder. After suitable comparisons, PE polymer was selected. The synthesis was obtained by
ball-miling the metal powder, followed by a mechanical press, obtaining suitable pellets,
up to a 90:10 MH:PE ratio. Characterizations were performed with SEM, XRD, DSC, Raman
and ATR. A volumetric Sievert apparatus was used fo defermine thermodynamic
parameters through PCI curves and Van't Hoff plot. Finally, pellets were tested in a single
pipe MH reactor for cycling studies.

Ball miling induces a microstructural refinement of the metal powder. The formation of
pellets does not change MH phase composition and microstructure. The hydrogen
gravimetric density had an average value of 1.29 wt% for metal alone and 1.16 wt% for the
composite. Moreover, pellets showed durability and remained intact after 20 cycles of
hydrogen sorption, with a 3% residual weight of fine powder. These results show a promising
material of PE-MH composites for stationary applications of hydrogen storage.
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$3.23 WATER OIL EMULSION FLOCCULATION THROUGH CHITOSAN DE-
SOLUBILIZATION DRIVEN BY pH VARIATION

Leonardo Lamanna!, Gabriele Giacoia?, Marco Friuli'*, Gabriella Leone?, Nicola Carlucci?, Fabrizio
Russo?, Alessandro Sannino!, Christian Demitri!

'Department of Engineering for Innovation, Campus Ecotekne, University of Salento, Via
per Monteroni, 73100 Lecce, Italy
2T.ECO.M. Srl, Viale Europa 16/C, 70132 Bari, Italy

E-mail corresponding author: marco.frivli@unisalento.it

Water pollution is a major concern in our modern age. The contamination of water, as a
valuable and often limited resource, affects both the environment and human health.
Industrial processes such as food, cosmetic and pharmaceutical production also contribute
to this problem. Vegetable oil production, for example, generates a stable oil/water
emulsion containing 0.5-5% oil, which presents a difficult waste disposal issue. Conventional
freatment methods based on the use of Aluminum salts generate hazardous waste,
highlighting the need for green and biodegradable coagulant agents. In this study, the
efficacy of commercial chitosan, a natural polysaccharide derived from chitin
deacetylation, has been evaluated as a coagulation agent for vegetable oil emulsions. The
effect of commercial chitosan was assessed in relation to different surfactants (anionic,
cationic, and non-polar) and pH levels. The results demonstrate that chitosan is effective at
concentrations as low as 300 ppm and that its flocculation mechanism relies on the de-
solubilization of the polymer, which acts as a net to enfrap the emulsion, rather than solely
relying on electrostatic interactions with the particles. This study highlights the potential of
chitosan as a natural and eco-friendly alternative to conventional coagulants for the
remediation of oil-contaminated water.
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Figure 1. a) picture and schematic representation of the chitosan-driven flocculation on oil-water emulsion; b-

c)Oil removal obtained with different concentrations of chitosan and at pH 9 and 11 respectively.



|
C

_ AIMAT2023
) Catania, 28 maggio - 1° giugno 2023

$3.24 ENVIRONMENTAL BARRIER COATINGS: NEW SOLUTIONS FOR
PROTECTION OF CERAMIC MATRIX COMPOSITE COMPONENTS IN
AIRCRAFT ENGINES

Laura Paglia’", Giulia Pedrizzettil, Virgilio Genova', Francesco Marra!, Teodoro Valente!, Cecilia
Bartuli', Giovanni Pulcit

' Department of Chemical Engineering Materials Environment, Sapienza University of
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E-mail corresponding author : laura.paglia@uniromall.it

Aircraft gas turbine engines efficiency can be improved by increasing the inlet turbine
temperature of the combustion gasses, for this reason metallic superalloys protected by
thermal barrier coatings need to be replaced with more performing materials. Ceramic
Matrix Composites (CMC) are excellent candidates for the hot-sections of the gas turbine
engines because of their low density (~1/3 of the metallic superalloys), high temperature
capability, good mechanical strength and excellent thermal shock resistance. In particular
SiC/SiC CMCs have been used since 2019 for the shrouds of the LEAP engine produced by
General Electrics.

Despite their excellent features, SiC/SIiC CMCs suffer severe surface recession phenomena
in the high temperature water vapor-rich combustion gasses and a protective coating,
called Environmental Barrier Coating (EBC), has to be designed.

Nowadays EBCs for SiC/SiC CMCs consist of multilayer systemes: silicon is used as bond-coat
and a top-coat of rare-earth (RE) silicate faces the combustion environment. In particular
ytterbium silicates is chosen for its inherent phase stability up to 1850°C, its low recession rate
in water vapor reach environment and a CTE close to SiC’s one.

Other RE silicate can be taken into consideration for new EBC systemes: in this work scandium
disiicate and yttrium/ytterbium disilicate were deposited on SiC subsfrates with an
Atmospheric Plasma Spray technique. After deposition they were heat treated at high
temperature (1300 and 1400°C for 40 h in air) in order to avoid amorphous phases. Their
microsfructure was characterized by SEM observations and by studying crack density and
porosity. EDS and XRD analysis were carried out for understanding their composition and
the phase evolution during the thermal treatments. This characterization aims to understand
the potentiality of these alternative RE-silicate as EBC systems and the influence of the APS
deposition parameters on their final properties.
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$3.25 INTERLAMINAR PROPERTIES AND ABLATION RESISTANCE OF
CARBON FIBER COMPOSITES DERIVED FROM HIGH CHAR YIELD MATRICES
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Carbon/Phenolic Composites (CPCs) are used in the nozzle assembly of Solid Rocket Motors
(SRMs) which are essential to preserve the independent access to space. Solid rocket
propulsion is also at the base of the homeland security. In this work a new family of
nanosfructured, low cost, high char yield CPCs, manufactured with T300-like Polyacrylonitrile
(PAN) based Carbon Fibers, have been

developed. The interlaminar properties, ablation resistance and thermal diffusivity of the
CPCs were studied. Starting from a commercial 0.1% formaldehyde phenolic matrix,
through a modification carried out with the addition of 10 wt% epoxy resin, it was possible
to increase the Inter Laminar Shear Stress (ILSS) of the composite of about 87.3% as
compared to the counterpart made with the neat resol, leading to values in lines with the
state of the art CPCs restricted under International Traffic in Arms Regulations (ITAR).
Moreover, once exposed to an Oxy-Acetylene Torch (OAT) test, the values of the ILSS of the
partly burnt CPC based on the hybrid epoxy-phenolic system (P10E) resulted to be about
137% higher than the corresponding value of the composite made with the neat resol
(figure 1). Furthermore, among the different nanostructured CPCs, the formulation derived
from the addition of 2 wt% of carbon black on the P10E matrix (C-P10E-2CB) showed to be
the most promising system, also considering that the manufacturing process was not
compromised by the use of nandfiller: the ILLS post-OAT test resulted to be about 186%
higher than the corresponding value of the neat matrix composite (C-P). The in-depth
temperatures (figure 2) at 3 and 5 mm from the hot surface and loss of mass trends after
OAT test supported the evidence related to the ILSS results providing more insights on the
ablation process of the produced CPCs.
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Figure 17. ILLS values pre- (blue) and post- (red) OAT tests.

Figure 2. Maximum value of T1 (blue)registered at 3 mm from the hot surface and T2 (red) registered at 6 mm
from the hot surface in an OAT test.



