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Dear Friends and Colleagues,
a warm welcome to the XII Convegno INSTM sulla Scienza e Tecnologia dei Materiali and of XV Convegno Nazionale AIMAT organised in
Ischia, between July 21st and July 24th, 2019. The joint conference will deal with several issues related to Materials Science and
Technology, blending the main themes in which INSTM and AIMAT are Italian leader organisations, in the following five main streams:






Synthesis, characterisation and modelling of materials
New functionalities of materials
Technological applications, new processes and new manufacture
Sustainable design and material life cycle
The environment, the built environment and the cultural heritage conservation

The scientific contributions are divided into plenary lectures, invited oral contributions, oral contributions and posters, with the aim to
promote cross-fertilization among young and senior researchers, and to ignite interdisciplinarity among INSTM and AIMAT associates
on different areas of interest. According to the INSTM and AIMAT tradition, a special attention has been reserved to fee policy for young
researchers to facilitate their participation to the Conference, helping to increase their visibility and favouring the possibility to present
oral contributions.
Overall, the Conference will offer lectures from Universities, Research Centers and Industries, with 3 plenary, 5 invited and 95 oral
contributions, and 45 poster contributions. This dense and stimulating program is condensed in this Book of Abstract, that is available
in the electronic form to all the participants and sponsors.
Our acknowledgements, for the organisation of this event, go: to the Event Scientific Committee members, for suggesting invited
speakers and evaluating the proposed contributions, to all INSTM staff members in Firenze, Claudio Gilardelli, Tania Cantini and Silvia
Chiani in particular, for their kindness and efficiency, and for the hard work done. Special thanks to the Sponsors of this event, for their
essential contribution and their attention to Research and Innovation.
We really hope that you enjoy this conference at least as much as we enjoyed t organize it.

The Chairmen

Ischia, June 21st, 2019

INVITED & PLENARY LECTURES

AN ITALIAN EXAMPLE OF CIRCULAR ECONOMY IN THE
INDUSTRIAL PRODUCTION OF HARDMETALS

De Gaudenzi Gian Pietro1,
Marcheselli GC1

1

F.I.L.M.S. SpA-MCD Group, Anzola d’Ossola, Italy

Hardmetals are a class of composite materials where a carbide-base skeleton, mainly WC, is embedded in
a metallic binder, usually Co-based, being Ni a viable alternative for special applications. Hardmetals are
well-known for their outstanding properties, having hardness values higher than tool steels and alumina,
and toughness values higher than ceramics. As a consequence, since their development in the 1920s,
they have been used to produce cutting and forming tools and, thanks to their excellent wear resistance,
they have found and still are being finding newer and newer applications. Hardmetals are considered a
strategic material at the base of industrial economy and wellness society. Economic policies factors and
the EU classification of WC and Co among the Critical Raw Materials, «because the risks of supply
shortage and their impacts on the economy are higher compared with most of the other raw materials»,
have highlighted the relevance to develop and/or optimize recovering processes of the raw material
values along the whole hardmetal life cycle. F.I.L.M.S. SpA has implemented a model to maximize the use
of secondary raw materials in the hardmetal production process. The model comprises five main sources
of secondary raw materials: (a) the powders recovered along the industrial powder metallurgy
production process; (b) the hardmetal scrap collected at the end of the life cycle (urban mining) and selected in order to be processed by a oxidation/reduction/
carburization thermal treatment; (c) the hardmetal scrap and sludges “urban mined” and treated by a third party chemical recovery process, comprising (d) toxic
oil sludges regenerated by a thermal process; (e) the hardmetal scrap treated by a third party Zn-based recovery process. Nowadays the circular economy model
developed by F.I.L.M.S. S.p.A. allows to save about 70% of the consumption of primary raw materials. From the metallurgical point of view, the reliability of the
model is corroborated by (a) the quality assurance procedure adopted to validate each 200-kg batch of Ready-To-Press (RTP) powder and (b) the total amount of
300 t of RTP powders of more than eighty different grades that are validated each year. Some research projects are currently underway to improve del model.

INVITED_01

MICRO AND NANOMECHANICAL TESTING OF
MATERIALS - FROM MATERIALS PHYSICS TO
MATERIALS DESIGN

Dehm Gerhard 1

1

The last 15 years have seen a tremendous improvement in mechanical testing of materials at small length
scales [1]. While it is obvious that for micro- and nano-objects, like thin films or nanowires, mechanical
testing must be miniaturized to the relevant length scale, also bulk composite materials profit from
mechanical measurements with high spatial resolution. The novel testing methods (see Fig. 1) allow to
map flow and fracture stresses of individual phases, stress partitioning between different phases, or the
“obstacle strength” of defects like interfaces. In this overview talk, several miniaturized testing
techniques ranging from tensile testing to fracture measurements will be presented and their benefits
and limitations discussed. In addition, the origin of mechanical size effects leading to a “smaller is
stronger” behavior for metallic materials will be revisited before entering examples where small scale
mechanical testing can contribute to design materials with superior mechanical properties.

Max-Planck-Institut für Eisenforschung GmbH,
Düsseldorf, Germany

Fig. 1: (a) Scanning electron microscope images of micro-tensile sample and (b) its cross-section; (c) transmission electron microscopy image of an in-situ tensile
test showing dislocations bowing out under the applied shear stress; (d) deformed single crystal metal pillar; (e) fracture experiment using a notched cantilever; (f)
surface scratching to resolve deformation and wear in single asperity contacts.
Major contributions by S. Brinckmann, X. Fang , P. Imrich, M. Kini, C. Kirchlechner, N. Malyar,V. Marx, B. Philippi, and R. Soler are gratefully acknowledged.

INVITED_02

CATALYSTS AND PROCESSES FOR A RENEWABLE
ENERGY FUTURE

Giambastiani Giuliano1,2,3,
Tuci G2, Rossin A2, Luconi L2,
Vizza F2, Wang W1, Filippi J2,
Pham-Huu C1

1

Institut de chimie et procédés pour l’énergie,
l’environnement et la santé (ICPEES-CNRS),
University of Strasbourg, Strasbourg, France

The constant increase of CO2 levels in the atmosphere as the result of anthropic activities, extensive
burning of fossil fuels and deforestation is directly linked to key environment-related issues such as global
2
Institute of Chemistry of Organometallic
warming effects, climate changes and sea level rise. Therefore, catalytic CO2 conversion into chemicals
Compounds
(ICCOM). CNR, Sesto Fiorentino, Italy
and fuels represents a “two birds, one stone” approach to give an answer to the most urgent priorities of
our modern society: the mitigation of climate changes and the growing energy demand-supply.
3
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Moreover, the carbon capture and utilization (CCU) technology perfectly meets with the challenging
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concept of circular economy to whom any modern society try to fit with. The contribution will focus on
the CO2 valorization through the rational bottom-up synthesis of conceptually new catalytic materials for
the chemoselective CO2 electrochemical reduction to CO and CO2 methanation. It will describe the
application of carbonaceous materials as such or in the form of nanoparticle decorated composites
featuring with new basic functionalities playing a key role in the intensification of energy-demanding
catalytic transformations. The choice of the most appropriate reactor set-up and heating technology will
be also discussed in terms of process energetics, catalyst efficiency and catalyst stability on stream. In
particular, the use of a contactless heating technology (induction heating -IH) vs. the more classical Joule heating methods will also be matter of discussion in the
frame of dynamically forced methanation conditions as to face with the discontinuous nature of renewable reagents supply. Catalysis is nowadays at the forefront
of main societal needs and it represents the key issue to meet with its current environmental and energy concerns. Recent findings from our group have
demonstrated how the rational bottom-up synthesis and surface engineering of 1D-3D nanocarbons can give an answer to the production of catalytic materials
with improved performance in relevant transformations. Indeed, the tailored N-functionalization of C-nanomaterials has set the way to the development of highly
basic nanocarriers as single-phase (electro)catalysts for the activation and conversion of small molecules. Moreover, Ni-NPs decorated composites prepared from
highly N-doped and basic C-samples can serve as highly robust and efficient catalysts in the “ever-green” Sabatier process, offering higher performance compared
to related benchmark systems from the state-of-the-art. Authors thank the TRAINER project (Catalysts for Transition to Renewable Energy Future -Ref. ANR-17MPGA-0017) and the Italian MIUR (PRIN 2015, Project SMARTNESS 2015K7FZLH) for financial support.

INVITED_03

ADDITIVE MANUFACTURING: THE ROLE OF
POLITECNICO DI TORINO IN SUPPORTING THE
MARKET GROW FOR MATERIAL AND PROCESSES

Iuliano Luca1

1

Interdepartmental Center IAM @Polito,
Politecnico di Torino, Turin, Italy

Additive manufacturing (AM) is recognised as a “disruptive” technology with a high growth potential
thanks to application and development of scientific and industrial research activities at international
level. Today, due to several limitation these techniques are adopted in a fruitful way only for the
production of small batches. To overcome the actual limitations new challenges must be faced off:
improve properties of the components through design optimizations, develop new materials, increase
the components dimensions and implement process control, post-process operations, data managing and
strategies for sustainability and industrial production integration. Thanks to twenty years of experience in
these fields of study of the two research groups coordinated by prof. Fino and Prof. Iuliano, Politecnico di
Torino was able to gain a remarkable reputation in AM research focused on the processes and materials,
both at national and international levels, using an integrated approach between material science and
technological aspects. So far, the two research groups have managed to attract founds from projects and
research contracts with industries for 14 million euros. Based on the acquired skills, the Politecnico di
Torino decided for the creation of IAM@POLITO center (Integrated Additive Manufacturing Center) with
the aim to guarantee the possibility to keep carrying out a key role at international level in this field. Thanks to the contribution of 5 departments and more than 40
researcher, the centre assures a high level scientific production on an innovative topics and a hard contribution to most prestigious collaborative research projects
both at national and international levels. Objective of this presentation is to point out the state of the art of Additive Manufacturing in terms of materials and
processes, analysing the future prospective and showing the role that IAM can play in supporting research activities, technology transfer and businesses training.

INVITED_04

BUILT HERITAGE PRESERVATION: AN OLD CHALLENGE
FOR INNOVATIVE SOLUTIONS

Toniolo Lucia1,2

1

Department of Chemistry, Materials and
Chemical Engineering “Giulo Natta”, Politecnico di
Milano, Milan, Italy

The kinetic of deterioration of porous substrates, such as natural stones and marbles used in historical
buildings, has been dramatically increased in urban polluted environmental conditions during the XXth
2
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century. Erosion, disgregation and chemical corrosion are the main phenomena interesting both
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carbonatic and silicatic substrates, and some art historians have called in recent times for the emergency
of the situation of the outdoor exposed sculpture heritage. An efficient and preservation system for large
surfaces is required, moreover in the perspective of climate change with raising temperature and
increasing rain regime. The safeguard of architectural and historical surfaces has changed to entail a more
sustainable maintenance and management of buildings and monuments: instead of expensive and long
extraordinary conservation projects, it would be preferred to establish monitoring and conservation
practice, developed with the use of innovative technologies, materials and nanotechnologies. This
innovative approach is far from being implemented, especially because of the lack of experience and
practical solutions available on the market. Moreover, it should be highlighted that protective treatments
for these kinds of substrates could be easily transferred to the safeguard of contemporary high standard
Architecture. In the framework of the EU H2020 NanoCathedral project, that has been a great occasion for the study and development of both consolidants and
protective treatments for the preservation of natural stones, innovative solutions were proposed and tested in situ on real deteriorated substrates with different
petrographic characteristics. The structure and general philosophy of the project will be illustrated with a particular focus to nanoTiO2 based protective treatments,
having different properties, with some specific applications. The methodologies for the assessment of efficacy and durability in laboratory conditions and onsite,
will be discussed as key factor for the diffusion of results and exploitation of the innovative solutions.

INVITED_05

THE RELEVANCE OF THE PROCESSING OPERATIONS
ON THE PERFORMANCE OF POLYMER SYSTEMS

La Mantia Francesco Paolo1,2

1

The final properties of the polymer systems are dependent not only on the properties of the components
but also on the processing operations. The change of the morphology, induced by the processing, is the
key point of this behaviour. Crystallinity and, in particular, the orientation are the two responsible for this
behaviour. The orientation arises from the elongational flow. The elongational flow is present in
important processing operations like film blowing and spinning, but also in foaming. The elongational
flow during hot and/or cold drawing causes relevant changes in the morphology and properties of
polymers because of the orientation achieved during processing. In particular, a dramatic increase of the
elastic modulus and a drastic decrease of the elongation at break are observed. Moreover, fragile-ductile
transition induced by the orientation is observed. These effects become more relevant for biphasic
systems like polymer blends and polymer nanocomposites. A brief review of these effects focused on the
relevance of the processing operation on the final performance of the polymer systems is presented.

Department of Engineering, University of
Palermo, Palermo, Italy
2
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PLENARY_01

STRATEGIES TO CREATE A BRIDGE BETWEEN THE
UNIVERSITY RESEARCH AND ENTERPRISE

Nicolais Luigi1

1

MATERIAS ® Srl, Naples, Italy

The road between a discovery generated from basic research to a commercial product or process is long
and rife with significant roadblocks. In general, innovators and investors alike routinely claim that a
‘funding gap’ or ‘Valley of Death’ exists between new ideas and the commercialization of new products.
In order to diffuse in Italy an entrepreneurial culture of research, encourage the dissemination of
scientific outcomes and support scientists through the stages of commercialisation of the results of their
study, several Universities have established Technology Transfer Offices (TTO). At European Level the
new framework program Horizon Europe with the Open Innovation pillar aims to make Europe a
frontrunner in technological transfer and market-creating innovation. Despite, the level of innovation and
competitiveness of Italian research is at the top of world rankings, the industrial impact of Italian
scientific research, is not among the best. This handicap derives from low investments in research, the
weakness of venture capital system and low tech-transfer ability. A new business model will be showed,
to overcome the "valley of death", through the connection of the research world with the world of
industrial companies, the development of innovative solutions in the field of advanced materials and the
creation of new business science-based.

PLENARY_02

MOFs AND PCPs, PERSPECTIVE MATERIALS FOR
BIOLOGICAL AND CATALYTIC APPLICATIONS

Pettinari Claudio1,2

1

School of Pharmacy, University of Camerino,
Camerino, Italy

Porous metal–organic frameworks (MOFs) and Coordination Polymers (PCPs) are continuously attracting
2
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much attention in a wide range of applications such as storage of energy-related gases (H2 and CH4),
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catalysis, CO2 capture/separation, hydrocarbon separation, bio-inorganic and medicinal chemistry
because of their highly porous and regular structural properties. The main MOFs and PCPs feature is
porosity, that make these organic-inorganic hybrid materials similar to zeolites, some of them having
record surface areas exceeding those in zeolites. Geometry and coordination environment of these
compounds depend strictly on the nature of metal and of the linkers. MOFs and PCPs can be formed from
a wide variety of inorganic fragments, bridging (linkers) and ancillary ligands. For a given shape of
fragment there is only a small number of possible high-symmetry topologies resulting in a stable network.
Accordingly, for a given shape it should be possible to prepare a series of compounds with the same
preferred topology but differing only in the nature and size of the linkers. Within the vast landscape of
inorganic fragments and linkers, I propose here a survey on transition metal-containing CPs and MOFs
built up with azoles, poly(azole)- and poly(pyrazolate)-based ligands. For selected materials I will mention
of the synthetic method(s) yielding to ther isolation complemented by a description of the main structural aspects and of their functional properties. Finally I will try
to demonstrate how, by tuning reaction conditions, stereochemical preferences of the metal ions and/or size, shape and substituents of the ligands (hence their
electronic and steric properties), it is possible to isolate thermally robust MOFs and PCPs with relevant functional properties as catalysis, gas adsorption or
separation and antibacterial activity.

PLENARY_03

SESSION 1
Synthesis, characterisation
and modelling of materials

EFFECT OF NON-EQUILIBRIUM PROCESSING ON
THE SYNTHESIS AND THERMOELECTRIC PROPERTIES
OF YbxCo4Sb12 SKUTTERUDITE AND TiNiSn HALF
HEUSLER COMPOUND
INTRODUCTION
Thermoelectric materials have attracted great attention because of their use for direct electrical power
conversion from exhaust or waste heat sources, resulting in improved energy efficiency. Since transport
properties (Seebeck coefficient, electrical conductivity and thermal conductivity) are strongly correlated
to the electronic structure of a given system, thermoelectric performances can be enhanced by chemical
doping in the material and by decoupling electron and phonon scattering through microstructural
defects. Beside their thermoelectric properties, skutterudites and half Heusler compounds are the most
promising candidates for commercial applications in the medium temperature range (400-600°C) because
they are not based on critical raw materials.

Castellero A1,2, Aversano F1,
Ferrario A3, Boldrini S3,
Fanciulli C4, Baricco M1,2

1

Department of Chemistry and NIS, University of
Turin, Turin, Italy
2

National Interuniversity Consortium of Materials
Science and Technology (INSTM), Florence, Italy
3

Institute of Condensed Matter Chemistry and
Technologies for Energy (ICMATE,) , CNR ,
Padova, Italy
4

Institute of Condensed Matter Chemistry and
Technologies for Energy (ICMATE,) , CNR , Lecco,
Italy

MATERIAL AND METHODS
Melt processing of skutterudites and most of half Heusler compounds is usually inhibited by peritectic
reactions that require extremely long annealing to form the desired phase. Thus, aim of this work is to
evaluate the effect of non-equilibrium processing techniques, such as rapid solidification and mechanical alloying, on the synthesis, structural, microstructural and
thermoelectric properties of YbxCo4Sb12 skutterudite and TiNiSn half Heusler compound.

RESULTS AND DISCUSSION
In Yb-filled CoSb3 skutterudite, rapid solidification produces a fine microstructure that induces a faster homogenization and Yb filling because of the increased grain
boundary diffusion. In the case of TiNiSn half Heusler compound, rapid solidification allows to form directly the desired phase bypassing equilibrium peritectic
reactions due to the undercooling of the liquid, as shown by the comparison between equilibrium and metastable phase diagrams calculated by CALPHAD.
Furthermore, rapid solidification leads to supersaturation of Ni in TiNiSn and, consequently, decreased lattice thermal conductivity. Thermoelectric properties of
the massive samples, obtained by sintering of crushed ribbons, are discussed in term of structural and microstructural features.

O_1_1

STUDY OF CHEMICAL-PHYSICAL PARAMETERS AND
OPTIMIZZATION OF ZEOLITE-TYPE MATERIALS FOR
POTENTIAL BIOMEDICAL APPLICATION IN
INTOLLERANCE TO HEAVY METALS
INTRODUCTION
Up to 20% of the human population and about 65 million people in Europe suffer from food allergies and
intolerances, including heavy metals. In particular, nickel allergies are becoming increasingly important.
As a consequence, the aim of this project is to exploit the typical ionic exchange characteristic of zeolites,
already widely used in food supplements world, to reduce the amount of nickel in human body. In fact,
zeolites are characterized by ionic capture, already useful in other application fields. In this work different
zeolites condition, natural and not, have been chosen, and their efficiency has been analysed in different
test environments.

Quitadamo A1,2, Marini D1,2,
Sambucci M1,2, Ronci S1,
Ahaliabadeh Z1, Saviano G1,
Santonicola MG1,2 , Bracciale MP1,2,
Santarelli ML1,2, Scoppettuolo A1,
Manni A1, Valente M1,2
1

Department of Chemical Engineering, Material
and Environment, University of Sapienza, Rome,
Italy
2

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

MATERIAL AND METHODS
ZeolithMED®, provided by Zeolith-Bentonit-Versand.de has been selected as natural zeolite. This zeolite
has also been modified with a sodium treatment, to increase its ionic exchange capability. In addition, a
synthetic zeolite was also analyzed, provided by the Biomedical Engineering Department of the University "La Sapienza" of Rome, produced through a sol-gel
process. DoE approach with Taguchi model has been used to evaluate the influence of different processing parameter (pH, solid to liquid ration, contact time and
initial nickel concentration) on zeolite adsorption. The initial and final nickel concentration have been evaluated through atomic absorption with flame technique.

RESULTS AND DISCUSSION
ZeolithMED®, sodium modified ZeolithMED® and synthetic zeolite have been firstly analysed by granulometry and porosimetry, to correlate the potential nickel
adsorption to their morphology. Three different levels for each parameter have been evaluated: 1/50. 1/250 and 1/500 as solid to liquid ratio, 1-3-5 as pH, 1h-3h-5h
as contact time and 0,5 ppm-1 ppm-2 ppm as initial nickel concentration. ZeolithMED® natural zeolite displays a good degree of nickel adsorption from acid
solutions. In fact, according to literature results, pH is the factor that most influences the degree of zeolite adsorption: pH of 5 allows a nickel adsorption around
70%. As a consequence, hypothetically, we can suppose a higher nickel adsorption in the intestine, characterized by pH of 5, with respect to stomach, characterized
by more acid environment. Sodium treatment of natural zeolite increased nickel adsorption with respect to natural zeolite as received.

O_1_2

APPLICABILITY EVALUATION OF NEW ALUMINAZIRCONIA-TITANIA CERAMIC COMPOSITE IN DENTAL
APPLICATION
INTRODUCTION
Alumina and Zirconia are preferred over metallic biomaterials in orthopaedic and dental applications.
Their widespread use is due to their biocompatibility, aesthetics, good mechanical properties and
chemical resistance. However, individual Al2O3applications suffered for failure problems due to low
toughness, while a major drawback of zirconia is the in vivo ageing. Alumina-zirconia composites, which
combine the high alumina hardness with the fracture resistance of zirconia is an alternative. The addition
of small amount of different metal oxides such as TiO2 have been proposed to promote the sintering
behaviour, customize the microstructure and improve the mechanical properties. The main purpose of
the present study is the development of Al2O3–ZrO2–TiO2 ternary ceramics targeted to dental
applications.

Khaskhoussi A1,2, Calabrese L1,2,
Currò M3, Ientile R3, Bouaziz J4,
Proverbio E1,2
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Department of Engineering, University of
Messina, Messina, Italy
2
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Science and Technology (INSTM), Florence, Italy
3

Department of Biomedical Sciences, Dental
Sciences and Morpho-functional Imaging,
University of Messina, Messina, Italy
4

Laboratory of Advanced Materials, University of
Sfax, National School of Engineering, Sfax,
Tunisia

MATERIAL AND METHODS
Alumina-Titania, Zirconia-Titania and Titania-Alumina-Zirconia powder mixtures were uniaxially pressed and sintered in air at 1400°C for 2 h. The microstructures of
composites were evaluated by using XRD, SEM and EDS. The mechanical properties in terms of tensile strength (Brazilian test), hardness and elastic modulus
(indentation) were studied. The wettability (contact angle), cytotoxicity (MTT test) and genotoxicity (Comet test) of different alumina-zirconia-titania composites
were evaluated.

RESULTS AND DISCUSSION
Microstructure analysis results indicated the presence of secondary phases beside the main phases alumina and zirconia. A wide interval of mechanical properties
was obtained. Measured water contact angle indicated that the ceramic surfaces are hydrophilic. The cytotoxicity of human gingival fibroblast cells with materials
revealed an absence of any cytotoxic effect. Genotoxicity was mainly attributed to composites containing 10 wt% TiO 2. The nature and the content of the
compound (Alumina, Zirconia or Titania) greatly influenced the mechanical performances of the composite which is strictly related to the phase composition and
distribution. A good compromise between mechanical performances that fit the requirements of bone tissue replacement was defined using statistical analysis
based on mixture design modelling. The cell viability increases when the wettability increases. This effect is more pronounced when the titania content is higher.
Our research exhibited that the new developed high performance alumina-zirconia-titania ceramic composites containing less than 10wt% displays promising
properties which make them suitable for dental implantology applications.

O_1_3

RELATIONSHIP BETWEEN CHEMICAL-PHYSICAL
PROPERTIES OF GRAPHENE OXIDE AND PHOTOSTABILIZATION OF A POLYAMIDE 6
INTRODUCTION
The role of graphene oxide (GO) as photo-stabilizer is far from being elucidated. GO is shown to provide
UV-shielding but the mechanical and spectroscopic durability of GO-containing materials has never been
studied, as well as the relationship between the physicochemical properties of GO and its UV-shielding
capacity. Despite an aromaticity lower than that of graphene, the presence of quinones and polyphenols
within its honeycomb, together with lattice defects, may provide a strong antioxidant activity. Aim of this
work is to elucidate the effect of physicochemical features of GO on its UV-stabilizing activity onto
polyamide6 (PA6).

Maio A1,2, Fara P1,2, Scaffaro R1,2

1

Department of Engineering, University of
Palermo, Palermo, Italy
2
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Science and Technology (INSTM), Florence, Italy

MATERIAL AND METHODS
GO-1 (less oxidized) and GO-2 (ultra-oxidized) were synthesized according to our previous works. PA6 was
supplied by Radicinova. PA6-GO nanocomposites were prepared by a two-step technique, involving the
preparation of a masterbatch by wet phase inversion and the further melt intercalation in a batch mixer. Films, fabricated by compression-molding were photooxidized in a Q-UV(λ=313 nm) up to 240 h. The changes occurred in the specimens were evaluated by mechanical testing and ATR on both the exposed and
unexposed side

RESULTS AND DISCUSSION
The differences observed between GO-1 and GO-2 affected the properties of related nanocomposites. The excellent levels of dispersion and interfacial adhesion
achieved led to a huge enhancement of mechanical performance in both nanocomposites. Adding 0.75% GO-1 and GO-2 led to materials with +40% and +130% TS
relative increments, while preserving high stretchability. Similarly, the UV-resistance dramatically enhanced and a correlation between oxidation level of GO and
photostability of nanocomposites was found. In fact, half-life time of PA6was enhanced from 24 hours to 96 hours and to >240 hours by incorporating GO-1 and GO
-2, respectively. The higher mechanical performance of PA6/GO-2 was likely due to the formation of an extended chemical interphase, as confirmed by morphospectroscopic and rheological analyses. Both GO samples were able to increase photo-stability of PA6 via a UV-shielding mechanism, by preventing or delaying the
propagation of photochemical reactions. The influence of GO oxidation level onto PA6 photo-stability is likely due to the content of aromatic species, defects and
cavities, which increases in the order: GO-1<GO-2.

O_1_4

CYTOTOXIC PERFORMANCES OF NEW ANIONIC
CYCLOMETALATED Pt(II) COMPLEXES BEARING
CHELATED O^O LIGANDS
INTRODUCTION
One of the most aggressive tumors with limited treatment optionsis the triple-negative breast cancer
(TNBC), that evinces a negative response to drugs due to the lack in the main three receptors, common
targets for the therapy against breast cancer. This aspect is the principle cause of the necessity to
introduce new detecting methodology and treatment for TNBC. In the last years, many research groups
tried to overcome this limit focalizing their attention in the study of new theranostic agents,
characterized by the capability both to permit targeted imaging and to result cytotoxic for the TNBC
tumor cells.

MATERIAL AND METHODS

Ionescu A1,2, Caligiuri R1,
Ferri N3, Rimoldi I4,
Ricciardi L2, La Deda M1,2,
Godbert N1,2, Ghedini M1,2,
Aiello I1,2
1

MAT-INLAB and CR LASCAMM , Department of
Chemical and Chemical Technologies , University
of Calabria, Arcavacata di Rende , Italy
2

Institute of Nanotechnology (NANOTEC), CNR,
Arcavacata di Rende , Italy
3

Department of Pharmaceutical and
Pharmacological Sciences, University of Padua,
Padua, Italy
4

Department of Pharmaceutical Sciences,
University of Milan, Milan, Italy

The Novel anionic Pt(II) complexes of general formula NBu4[(C^N)Pt(O^O)]bearing 2-phenylpyridine, 2(2,4-difluorophenyl)-pyridine, 2-thyenylpyridine and benzo[h]quinoline as (C^N) cyclometalated ligands
and tetrabromocatechol, and alizarine, as ancillary (O^O) ligands have been synthesized and studied.

RESULTS AND DISCUSSION
The synthesized complexes represent the first class of anionic cyclometalated Pt(II) complexes and these display luminescence either in solution and in the solid
state. Their photophysical properties have been thoroughly investigated. Moreover, in vitro efficient cytotoxicactivity on the MDA-MB-231 cell line of TNBC has
been observed for several of these complexes. The presentation will aim to highlight the structure-activity relation between the chemical structure and the
biological/photophysical properties. These complexes represent the first examples of luminescent antitumor anionic Pt(II) complexes and they open the door to the
study of new theranostic agents specific for TNBC tumor cells, since they present both key features: cytotoxicity and luminescence.

O_1_5

THERMAL TREATMENT OF GOLD NANORODS: AN
UNCONVENTIONAL WAY TO TUNE THE LONGITUDINAL
PLASMONIC RESONANCE BAND
INTRODUCTION
In gold nanorods (AuNRs) the longitudinal plasmonic resonance band can be tuned by adjusting their
aspect ratio (length-to-diameter), and, for this purpose, many synthetic protocols have been developed
to control this morphological parameter, but with some limitations. Beside conventional synthesis, based
on the seed-mediated-growth methods, a thermal strategy has been proposed to reshape AuNRs,
reaching a fine control of the aspect ratio.

Candreva A1, Ricciardi L2,
Di Maio G1 , La Deda M1,2

1

Department of Chemical and Chemical
Technologies , University of Calabria, Arcavacata
di Rende , Italy
2
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MATERIAL AND METHODS
CTAB, ≥96%, 5-bromosalicylic acid (technical grade, 90%), HAuCl4·H2O, ≥99.9%, AgNO3, ≥99.0%, L-ascorbic
acid ≥99%), NaI 99.99%, NaBH4, 99% were purchased from Merck. TEOS (Alfa Aesar, 99.9%), NaOH
(Merck, 98%), MeOH (Merck) were used for the SiO2 overcoating. Nanorods covered with CTAB and SiO2
have been subjected to a heat treatment by microwave and muffle furnace. All samples have been
characterized by TEM (Jeol JEM-1400 Plus 120 kV) and spectrophotometer (Perkin Elmer Lambda 900).

RESULTS AND DISCUSSION
Pre-synthesised AuNRs with different coating agent have been subjected to a heat treatment: the two samples, one covered with CTAB and the second with SiO2,
showed an aspect ratio reduction and a monodispersion improvement. In details, by increasing temperature, the aspect ratio of AuNRs decreases, as confirmed by
morphological and optical characterization. TEM images show “rounded” nanoparticles, according to a progressive blue-shift of the longitudinal band, that
approaches the transversal one by increasing temperature. In particular, AuNRs covered with SiO2 have been transformed into perfect spheres without byproducts, by increasing the temperature until 500 °C. In addition, as indicated by the narrowing of the longitudinal band, a relevant nanoparticles homogeneity in
shape and size has been observed. Respect to the conventional synthetic strategies, thermal treatment is a simpler and faster way to tune the aspect ratio of gold
nanorods, which mostly determines the position of the longitudinal plasmonic band. The opportunity to adjust longitudinal mode of gold nanorods, in a wide
spectral range, opens up wide fields of application.
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MEASURING THE VISCOELASTIC PROPERTIES OF A
NOVEL BIOPOLYMER-BASED HYDROGEL IN
COMPARISON WITH SOLUBLE FIBRES AND
MASTICATED VEGETABLES
INTRODUCTION
Since Gelesis100 and Gelesis200 are orally-administered, non-systemic superabsorbent hydrogels being
developed by Gelesis, Srl as novel medical devices intended to allow safe and effective weight loss and
improvement of glycemic control in overweight and obese subjects. The hydrogels are designed to mimic
the structure and the viscoelastic properties of ingested dietary fibers found in vegetables, while being
partially degraded in the last part of the gastrointestinal tract (colon). The aim of this work was to assess
the viscoelastic properties of the hydrogels and to compare them with those of common soluble fibers
and masticated vegetables.
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MATERIAL AND METHODS
Soluble fibers (psyllium, guar gum, and glucomannan), Gelesis100 and Gelesis200 were pre-hydrated in
SGF/Water 1:8 (v/v) media, in a 1:160 (w/v) ratio. Vegetables (mixed salad and cucumber) were subjected
to mechanical mastication and then poured in SGF Water 1:8 (v/v) solution, in the same amount. At selected time points, remnants of digested samples were
poured onto Discovery HR1 rotational Rheometer (TA Instruments) equipped with parallel plates (cross hatched configuration) for determination of the elastic
modulus (G’).

RESULTS AND DISCUSSION
When comparing the hydrogels with soluble dietary fibers, the G’ of Gelesis100 and Gelesis200 was maintained orders of magnitude higher than that of
glucomannan (range: 27 ± 2 to 49 ± 3 Pa), which was the fiber with the highest elastic modulus among those tested. This is consistent with the solubility of the
fibers, which provides them with high viscosity but poor elasticity in the gastrointestinal tract. On the contrary, Gelesis100 and Gelesis200 are highly elastic due to
their crosslinked structure, thus mimicking much more closely the viscoelastic properties of masticated solid vegetables. This study showed that both Gelesis100
and Gelesis200, demonstrate a viscoelastic behavior that is orders of magnitude superior to that of common functional fiber supplements (psyllium, guar gum and
glucomannan), and remarkably similar to that of masticated vegetables. These data thus provide evidence that Gelesis100 and Gelesis200 mimic the structure and
the mechanical properties of ingested vegetables, which may in turn confer satiety-inducing, weight-loss, and glycemic-control benefits to patients with obesity or
diabetes.
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A SIMPLE AND STRAIGHTFORWARD APPROACH TO
LIQUID RUBBER NBR NANOFIBERS VIA BLENDING
WITH PCL DURING ELECTROSPINNING
INTRODUCTION
The production of rubbery nanofibrous mats is a big challenge, due to the low transition temperature (Tg)
of rubber, that prevents the nanofibrous structure to be retained over the time, commonly leading to the
formation of films. A feasible route to produce liquid rubber (i.e. not cross-linked) nanofibers is provided
by core-shell electrospinning, allowing the creation of co-axial fibers in which the rubber is contained in a
rigid polymeric shell that guarantees the nano-structure retention. This approach, although viable,
requires a more complicated setup respect to single-needle electrospinning, besides a low accurate and
tricky control of the core/shell polymers ratio in the nanofiber. In the present work, we propose a simple
alternative way to produce rubbery nanofibers by means of single-needle electrospinning of NBR/PCL
(nitrile butadiene rubber/polycaprolactone) blend solution.
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MATERIAL AND METHODS
Nanofibrous mats were produced using a Spinbow® electrospinning machine equipped with four 5 mL syringes. Needles (length 55 mm, internal diameter 0.84 mm)
were joined to syringes via teflon tubing. Fibers were collected on a rotating drum covered with poly(ethylene)-coated paper at 50 rpm. Mats have final dimensions
of approximately 30x40 cm. The electrospinning process was carried out until an adequate thickness of mat (ranging from 40 to 60 μm) was obtained.

RESULTS AND DISCUSSION
Polymers are well renown to commonly phase separate due to unfavourable thermodynamics when mixed together. NBR/PCL miscibility is prevented from a
thermodynamic point of view, as calculated according to a common approach proposed by Hoftyzer and van Krevelen. The unique ability of the electrospinning
process to successfully provide a NBR/PCL blending, not possible through other processing technique, such as solvent casting and spin coating, is demonstrated.
The formation of the polymeric blend has been proved by the presence of a single Tg, as expected by Fox equation, a typical behaviour of materials with a single
phase. Thanks to the presence of the semi-crystalline polymer fraction, the rubbery nanofibers retain the nano-structured morphology, as assessed through SEM
analysis. The produced mats have been mechanically characterized through tensile tests, and obtained data have been analysed by means of a new recently
proposed phenomenological model.
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MICRO-NANO SCALE CHARACTERIZATION OF
THERMALLY TREATED SINGLE BASALT FIBRES

INTRODUCTION
Thermoset matrix composites exhibit severe problems related to their environmentally unfriendly
disposal and therefore there is a growing need to recycle the fibres and potentially reuse them in new
products. The most common technique involves the removal of the polymer matrix at high temperature
but reclaimed fibres usually experience a severe loss in mechanical properties which make them
unsuitable for structural applications. This is the case for glass fibres and also for the more heat-resistant
basalt fibres. The aim of the present work is to assess the evolution of mechanical and nanomechanical
properties of single basalt fibres as a function of thermal exposure from the microscale down to the
nanoscale, with a view to highlighting the mechanisms responsible for the decrease in tensile strength
with increasing temperature.
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MATERIAL AND METHODS
Single basalt fibres from a continuous roving have been thermally treated in air at two different
temperatures (400 and 600°C) for 25 and 60 minutes in order to mimic a typical thermal recycling process. As-received and thermally treated basalt fibres have
been characterized in terms of Elastic modulus and tensile strength. In order to shed light on the possible changes in the strength-flaw relationship during heat
treatment, the fracture toughness of single basalt fibres has been investigated by combining single edge notch tension and micro-pillar splitting methods along with
high-speed statistical nanoindentation mapping across fibre diameter.

RESULTS AND DISCUSSION
The fracture process of as-received and thermally treated basalt fibres appears to be controlled by surface flaws irrespective of heat treatment temperature, but
the bulk properties (Elastic modulus and
) change during thermal recycling. With regard to glass fibres, several mechanisms have been proposed to explain the
strength loss, which are classified as superficial (sizing removal and the diffusion of water) and structural phenomena. The results of this study highlight the
presence of structural modifications occurring during heat treatments that can be correlated with the fracture toughness variations as a function of high
temperature exposure. In particular, both Elastic modulus and KIC were found to increase after thermal exposure, with the occurrence of a significant
microstructural anisotropy mainly localized in the outer layer of the fibres.
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SILICON NITRIDE SURFACE TEXTURING FOR
BIOLOGICAL APPLICATIONS

INTRODUCTION
The main structural ceramics applied for biological load-bearing applications are nowadays alumina,
zirconia, zirconia toughened alumina and silicon nitride; the latter being, in this limited selection, the only
material which was reported to have bioactive effects (antibacterial and osteoinductive). The efficiency of
the chemical interaction between materials and biological environment is strictly regulated by the
amount of exposed area and further treatments are often applied to increase the specific area of the
component and maximize the effects.
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MATERIAL AND METHODS
β-Silicon nitride discs (Amedica Corp., Salt Lake City, USA) were mirror polished. Samples were then
texturized using two different techniques: (a) sandblasting with silicon carbide powders through a
protective steel wire mask to partially protect the substrate or (b) laser texturing using a 1064 nm laser to
drill cylindrical holes on the sample surface. Samples have then been characterized using a combination
of microscopic and spectroscopic techniques, before biological testing with SaOS-2 osteosarcoma cells. Fluorescence microscopy has been used to evaluate the
levels of osteocalcin and osteopontin.

RESULTS AND DISCUSSION
Both texturing techniques were able to produce reproducible squared or circular porosities on β-Silicon nitride substrates. For sandblasting, the size and
distribution of the porosities could be controlled by acting on the distance of the nozzle, on the time of treatment and on the steel wire mesh dimensions. For laser
texturing, the diameter of the laser beam, the laser power and the exposure time were used, but the process resulted to be less flexible when compared to
sandblasting. Sandblasting of silicon nitride resulted in high residual compressive stresses and the occasional inclusion of silicon carbide particles. For laser
texturing, phase transformation from silicon nitride to nano-crystalline sub-stoichiometric silicon nitride was observed in the sputtered region. Biological testing
showed an increased formation of hydroxyapatite and stronger signals from osteocalcin and osteopontin on the textured areas when compared to polished
surfaces. Both laser ablation and masked sandblasting were effectively used to produce textured surfaces on silicon nitride substrates and each technique had
specific advantages and limitations. Textured silicon nitride surfaces resulted in improved osteoinduction after osteosarcoma testing.
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HYBRID CATALYSTS BASED ON CARBENE ANCHORED
ON INORGANIC SUPPORTS WITH HIERARCHICAL
POROSITY
INTRODUCTION
Organic-inorganic hybrids represent a new class of heterogeneous catalysts that combine the advantages
of individual organic and inorganic builders, allowing to obtain solids with high mechanical, structural and
hydrothermal stability with the flexibility and functionality typical of organic compounds. Hybrid catalysts
have been synthesized by anchoring N-heterocyclic carbine (NHC) on different inorganic supports with
hierarchical porosity, in particular hierarchical HZSM-5 and silicoaluminophosphate SAPO-5. Hierarchical
inorganic supports, combining micro and mesopores, have been obtained by top-down and bottom-up
approaches and the role of hierarchical porosity has been evaluated. A detailed physico-chemical
characterization has been performed on the hybrid catalysts using a multi-techniques approach (XRD,
volumetric analysis, ss-NMR and FTIR) in order to establish structure-properties relationship.
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MATERIAL AND METHODS
Hierarchical HZSM-5 was obtained by top-down approach using a NaOH solution (0.2M). Hierarchical SAPO-5 was synthesized by bottom-up method using MCM-41
containing the surfactant (CTAB) as silicon source and mesoporogen. The hybrid catalysts have been obtained by anchoring NHC on the Si-OH groups present on the
inorganic surfaces after calcination at 550°C. To be anchored, NHC was alkylated in order to have -Si(OMe)3 groups able to bound to silanols.

RESULTS AND DISCUSSION
XRD analyses confirmed the phase purity, the crystallinity and the retention of structural properties of the supports upon the carbene anchoring procedure. N2
adsorption/desorption at 77K evidenced that, the specific surface area, pore volume and pore diameters decreased by anchoring NHC, confirming the presence of
carbene inside the inorganic channels of the hierarchical supports. FTIR spectra at increasing outgassing temperature, from 25°C to 500°C, also confirmed the
presence of carbine moieties and highlighted that, after removing the physisorbed water at ca. 150-180°C, signals due to Brønsted acid sites, belonging to the
inorganic supports are visible. The physico-chemical characterization revealed that NHC has been successfully anchored on the silanol groups of the inorganic
hierarchical supports and that the Brønsted acid sites have not been neutralized by the organic base. Through the detailed characterization, it was possible to
evidence the role of the hierarchical supports prepared with different methods. Good catalytic performances have been obtained in preliminary catalytic tests for
benzoin condensation reactions.
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A GREEN-MATERIALS APPROACH FOR THE
SYNTHESIS AND CHARACTERIZATION OF SILICA
GELS FOR HEAT PUMP APPLICATION
INTRODUCTION
The development of low cost adsorbent materials is an important step to improve engineering and
technology of adsorption heat pumps. In this work, new low cost and environment friendly solutions
were proposed in order to better manage classical needs in adsorption heat pumps. In this context, aim
of this work is to optimize the process synthesis of adsorbent silica gels by using natural sand and glass
waste as raw materials.
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MATERIAL AND METHODS
Different chemical techniques were used to obtain the silica gel. Sol–Gel which is a two steps process;
synthesis of sodium silicate by dry fusion at 1000°C followed by gel formation at pH=6 with addition of
HCl and hydrothermal method that is a wet reaction of mixture of raw material and NaOH at 220°C . The
raw materials, as well as the prepared silica gels, were characterized by different techniques, such as Xray fluorescence (XRF), X-ray diffraction (XRD), and Dynamic vapor sorption (DVS) in order to evaluate its industrial applicability.

RESULTS AND DISCUSSION
The XRF analyses confirmed that the raw materials contain high amounts of silica ( 60% for the glass waste and reach until 98% for the sand ). According to the Xray diffraction results, the phase composition of materials during different stages of preparation process is intimately related to the selected method. The DVS
results represent a shape of isotherms that can be considered as typical type IV as based on the IUPAC classification. The water adsorption tests of the obtained
silica gels evidenced a mesoporous structure with adsorption capacity ranged from 30 wt.% to 70 wt.% making these green materials compatible with other
commercial adsorbent materials. These promising results suggest that the obtained silica gels can be optimized to be suitable adsorbent materials for adsorption
heat pump applications.
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NANOFIBERS CATALYST Pd/Fe3O4 FOR THE
TRANSFER HYDROGENOLYSIS OF BENZYL PHENYL
ETHER
INTRODUCTION
One of the major challenges in the catalytic valorization of lignin is the selective cleavage of the C–O
bond. Therefore, in order to develop selective catalytic processes for the production of aromatics from
lignin, a complete understanding of the molecular aspects of the basic chemistry and reactivity of
aromatic ethers is still crucial. In the last years, Pd/Fe catalysts showed a powerful and efficient
performance in the catalytic transfer hydrogenolysis (CTH) of lignocellulosic platform derived molecules.
CTH reactions has recently gained increased attention as an efficient alternative to the direct use of
molecular hydrogen by improving the sustainability and economics of hydrogenation reactions.
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MATERIAL AND METHODS
The selective cleavage of the C–O bond of benzyl phenyl ether (BPE), as model compound of lignin
inkages, was investigated under CTH conditions with 2-propanol acting as the H-donor, by using Pd/Fe
catalysts. Pd/Fe bimetallic catalysts, in the form of nanofibers materials, were prepared by using the
electrospinning technique. Samples, named Pd/Fe3O4-s and Pd/Fe3O4-cos, differed just for the Pd addition technique, wet impregnation in the first case and coelectrospinning in the latter. A complete morphological and structural characterization was performed by SEM-EDX, TGA-DSC, XRD, and H2-TPR.

RESULTS AND DISCUSSION
By using Pd/Fe3O4-s as catalyst, an appreciable BPE (0.1 M) conversion (60%) into phenol and toluene was achieved after 90 minutes at 240 °C. Being phenol and
toluene the only reaction products (100% aromatic yield), it clearly indicated that the cleavage of the etheric C–O bond occurred as the primary reaction route
under CTH conditions. In contrast, Pd/Fe3O4-cos showed, at the same conditions, a lower BPE conversion (23%) but, despite this, a high selectivity in the aromatics
productions (100%) was maintained. The higher activity of Pd/Fe3O4-s could be easily explained considering that electrospinning technique allowed to obtain
catalysts in the nanometric size, thus smaller palladium particles than that obtained by co-precipitation method, instead characterized by micrometric dimensions.
On the other hand, the Pd/Fe3O4-cos system, obtained by co-electrospinning, did not allow a good exposure of the catalyticenters of palladium, maybe partially
incorporated inside the support.
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CAPILLARY VISCOMETRY OF POWER LAW FLUIDS
WITH SLIP: UNCERTAINTIES IN THE MEASUREMENT
OF RHEOLOGICAL PROPERTIES
INTRODUCTION
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Sufficiently precise viscosity measurements must be performed in order to design and optimize plastics
processing machineries. The standard method is capillary viscometry, which needs to be properly
corrected for entrance (Bagley correction), wall slip (Mooney correction) and non-Newtonian effects
(Rabinowitsch correction). Among the various geometrical quantities that influence capillary viscometry,
capillary radius plays the biggest role in measurement accuracy. For instance, even in the simple
definition of the apparent wall shear rate, the radius appears to the third power. In this study we
highlight the link between the uncertainty in the capillary radius to the uncertainty in the measurement
of rheological quantities of a power law fluid with slip, i.e. viscosity and wall slip velocity.

MATERIAL AND METHODS
The flow of a power law fluid with shear dependent wall slip through a capillary can be solved analytically
using standard methods. Assuming that the material constants for such a fluid are known, one can calculate shear stress and shear rate for the flow through a
capillary with radius that presents a small deviation δR from the nominal value. This deviation gives rise to values of viscosity and wall slip velocity that differ from
the true values of the material, which can then be evaluated as a function of δR.

RESULTS AND DISCUSSION
Interestingly, both power law exponents (i.e. for viscosity and for slip velocity) are independent of the uncertainty in the capillary radius. On the other hand, other
parameters, e.g. consistency, do depend very much on radius uncertainties. The dependence is higher, the higher is the value of the power law index. Since the
value of the power law exponent is not influenced by radius uncertainty, the Rabinowitsch correction factor is independent of R. On the other hand, the Mooney
correction procedure shows remarkable dependence on radius uncertainties. Roughly speaking, the more the fluid slips at the wall, the more the viscosity values
will be affected by measurement errors, with Mooney plots that may appear non-linear or with negative intercepts, an unphysical result. Viscosity of fluids that can
easily slip at the wall should be measured with different means.
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SYSTEMATIC AND MULTISCALE CHARACTERIZATION
OF THERMOPLASTIC POLYMERS FOR CLEAR
ALIGNER MANUFACTURING
INTRODUCTION
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The rising demand for “invisible” orthodontic appliances has led to a robust growth of the clear aligner
market. The thermoplastic polymers used for aligners manufacturing should have particular
characteristics, including biocompatibility, transparency, good elasticity, resilience and resistance to
aging. It is proposed a systematic and multiscale approach, aimed at characterizing commercially
available thermoplastic polymers through a set of techniques.

2

MATERIAL AND METHODS

4

Four thermoplastic polymers commonly used for manufacturing clear aligners have been selected and
characterized: Duran® (Scheu-Dental), Imprelon® (Scheu-Dental), Track A® (Forestadent) and SKU# 9156®
(Zendura). Each polymer has been characterized under different conditions: as supplied, after
thermoforming (i.e., the manufacturing process typically used for producing aligners), and after an aging
treatment in artificial saliva (because the aligners are subject to aggressive environment of the oral
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The following characteristics of the polymers have been studied: 1) mechanical properties, 2) chemical structure and 3) cytotoxicity. First, tensile and flexural tests
have been performed to evaluate the mechanical properties, both carried out with DMA Q800 (TA Instruments) and applying a force ramp 1 N min-1 (maximum
force 18 N). As result of these tests, elastic and flexural moduli have been calculated and compared for each material, in the three different conditions. Then, the
chemical structure has been investigated through the use of ATR-FTIR within the wavenumber range from 4000 to 400 cm-1. ATR-FTIR was used to identify the IR
spectrum of each polymer studied, and to investigate possible changes in their chemical structure after thermoforming and aging. Finally, cytotoxicity tests have
been performed according to the ISO 10993-5, and data have been analyzed by One-Way ANOVA statistical tests.

RESULTS AND DISCUSSION
The elastic modulus of the polymers studied is in the range from 1000 to 1600 MPa. A reduction has been observed for Track A after thermoforming, while the
effect of aging was slight. Flexural modulus of Duran, Imprelon and Track A, instead, showed a significant decrease after aging. ATR-FTIR characterization has
confirmed the chemical structures declared by the suppliers for each material and no evidence of changes in their chemical structure was observed after
thermoforming and aging. Finally, cytotoxicity tests showed cell viability higher than 70% for all the polymers and, thus, the absence of indirect cytotoxic effects.
The first outcome of the proposed approach is the possibility of comparing different materials with respect to multiple aspects, guiding their selection for clear
aligners manufacturing. An additional outcome is the identification of a set of properties to be used for the design of new and high performance materials for clear
aligners.
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INNOVATIVE POLYURETHANE FOAMS WITH THERMAL
ENERGY STORAGE/RELEASE CAPABILITIES

INTRODUCTION
Polyurethane (PU) foams are widely used for the insulation of buildings due to their low thermal
conductivity, their high mechanical and chemical stability and low density. Thermal energy storage and
release with phase change materials (PCM) can lead to a better thermal energy management. PCMs are
characterized by phase transformations (solid/liquid) within a defined temperature range. The aim of this
work is the development of novel multifunctional polymer foams for the thermal/acoustic insulation,
combining also thermal energy/storage release capabilities.
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MATERIAL AND METHODS
Polyol and isocyanate provided from Kairos Srl (Verona, Italy) were used for the production of the PU
foams. Commercial grade microencapsulated paraffin MPCM24D provided by Microtek Laboratories Inc.
(Dayton, USA), having a mean size of 20 μm and a melting temperature (Tm) of 20 °C, was used as PCM.
Foamed samples with PCM concentration between 10 and 50 wt% were obtained. The cryofractured
surfaces of the samples were observed through a Zeiss Supra 40 scanning electron microscope (SEM). The
thermal properties of the samples were measured by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). The compressive properties
were assessed through an Instron 4502 testing machine. The heating/cooling profiles of the prepared panels were assessed through a Flir E4 infrared camera. The
thermal conductivity of the panels was measured in different temperature intervals using a thermofluximeter LaserComp FOX 314.

RESULTS AND DISCUSSION
SEM observations revealed a good dispersion of the microcapsules within the PU matrix. The melting enthalpy of the paraffin inside the PU foam, evaluated
through DSC analysis, was similar to the expected theoretical value. From thermogravimetric analysis it was clear that the degradation behavior of the matrix was
not impaired by microcapsules addition. From the mechanical tests it was observed that the compressive strength of the resulting foams was not influenced by
microcapsules addition. Finally, thermal characterization of panels revealed the beneficial effects due to the presence of the PCM, with the presence of a
temperature plateau in correspondence of the melting temperature of the paraffin.
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MODELLING PENETRANT INDUCED TRANSITIONS IN
THERMOPLASTIC POLYMERS

INTRODUCTION
Sorption of low M.W. penetrants in polymers determine several physical phenomena related to polymerpenetrant compatibility. A relevant phenomenon, observed when penetrant concentration is significant,
is the plasticization of the polymer matrix which can result in a depression of the Tg that, in turn, can
promote polymer crystallization in amorphous crystallizable polymers.

MATERIAL AND METHODS
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We present the case of polystyrene (PS)-toluene and of polyphenileneoxide (PPO)-benzene systems. In
addition to “static” sorption tests (in which pressure is changed in a stepwise way waiting for attainment
of sorption equilibrium), for PS system, temperature, penetrant pressure or both have been changed as
function of time in a controlled manner, enabling to perform isobaric, isothermal or isoactivity sorption
experiments (‘Dynamic tests’). In these experiments the adopted sample thickness allowed to assume
that the time-dependent penetrant concentration is uniform.

RESULTS AND DISCUSSION
According to phase equilibrium constraints we have proved that ‘Dynamic tests’ allows to determine the II order rubbery-glassy transitions contour map of the
system as a function of temperature and penetrant pressure. PS-toluene system shows the so-called retrograde vitrification phenomenon, (Tg transition occurring
increasing temperature, at a fixed pressure). The NRHB compressible lattice fluid theory, used in the framework of the Gibbs-Di Marzio criterion, predicts effectively
such complex behavior. The model framework, successfully validated in the case of PS system, was used in the case of PPO-benzene system, to predict the system
Tg contour map, confirming that the observed occurrence of solvent induced crystallization (as detected from sorption kinetics and in situ FTIR spectroscopy)
results from the depression of glass transition temperature of the system that promotes an increase of the macromolecular mobility that, in turn, brings the
polymer into the more thermodynamically stable semicrystalline state.
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DEVELOPMENT OF SMART FIBROUS MATS: AN
INNOVATIVE COMBINED APPROACH BASED ON
ENZYMES AND NATURAL EXTRACTS
INTRODUCTION
Electrospun membranes present outstanding applications in several fields, including filtration, tissue
regeneration, drug delivery, functional and active packaging. In the present work poly(lactic acid) (PLA)
fibrous mats, loaded with 18β-Glycyrrhetic Acid (18β) and surface functionalized with hyaluronidase,
were successfully fabricated by electrospinning. 18β-Glycyrrhetic Acid was selected because it’s a natural
derivate from liquorice and presents outstanding features, such as antiviral, anti-inflammatory,
antihepatotoxic, antiestrogenic, antileukemogenic, antineoplastic properties. The hyaluronidase was used
as spreading factor, being the enzyme able to naturally degrade the hyaluronic acid present in the tissue
extracellular matrix (ECM) and, thus, to improve the tissue permeability and the drug diffusion.

Cacciotti I1,2, Parente A1,
Nocca G3

1

Department of Engineering , University of Rome
Niccolò Cusano, Rome, Italy
2

National Interuniversity Consortium of Materials
Science and Technology (INSTM), Florence, Italy
3

Institute of Biochemistry and Clinical
Biochemistry, Università Cattolica del Sacro
Cuore, Rome, Italy

MATERIAL AND METHODS
18β (1.0-10 % wt/wt with respect to PLA) and PLA (15% wt/V with respect to the used solvents) based
solutions were in CHCl3:DMF mixture (67:33, in volume ratio). Prepared solutions were poured in a glass
syringe, equipped with a 18 G needle, and electrospun in air at room temperature, setting an applied voltage of 12 kV, a flow rate of 0.5 ml/h and a needle-target
distance of 15 cm. Different hyaluronidase concentrations (0.5-1.0 U) were immobilized on the fiber surface by drop casting. The microstructure, thermal and
mechanical properties were investigated by scanning electron microscopy (SEM), differential scanning calorimetry (DSC) and uniaxial tensile tests. The enzyme
activity after its immobilization and its kinetics release in ethanol and phosphate buffer solution (PBS) were evaluated, as well as that of 18β. Preliminary
cytotoxicity tests (18β concentration value 54 μmol/L) were carried out using the human hepatocarcinoma cell line (Hep-G2).

RESULTS AND DISCUSSION
Homogeneous fibrous mats, composed of randomly oriented defect-free submicrometric fibers (average fiber diameter between (591±123) and (660±104) nm),
were obtained. A uniform distribution of hyaluronidase on the fiber surface was observed at SEM. 18β presence led to a glass transition decrement, associated to
an increment of crystallinity degree, suggesting its plasticizing action. Concerning the release kinetics, in the case of PBS, a 18β release up to 20% was recorded,
whereas in the case of ethanol, almost complete release (95%) was detected in the first hours of incubation. MTT results evidenced no cytotoxicity in all conditions.
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CORE-SHELL UPCONVERSION NANOPARTICLES FOR
IMAGING AND THERAPY

INTRODUCTION
Lanthanide-doped upconversion nanoparticles (UCNPs) are nanomaterials capable of converting nearinfra-red excitation into visible and ultraviolet emission via a two- or multi-photon mechanism. Studies on
UCNPs are attracting increasing interest because of their broad range of applications, spanning from
nanomedicine to solar energy harvesting and photovoltaic. To achieve high upconversion efficiency,
sensitizer ions must be co-doped with activator ions having closely matched excited states. The most
studied sensitizers are Yb3+ and Nd3+, which collect and transfer energy to activators, e.g Er3+, Tm3+ and
Ho3+, which emit green, red and blue light, respectively. Besides the dopants, the correct choice of the
host matrix is fundamental as it provides a platform for the energy transfer. In this contribution,
preparation and physico-chemical characterization of ZrO2 nanoparticles co-doped with Yb3+ and Er3+ are
discussed. UCNPs were functionalized with a silica shell where photosensitizers for photodynamic therapy
were anchored, thus creating theranostic nanoparticles that can be triggered by upconversion.
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MATERIAL AND METHODS
UCNPs were prepared by hydrothermal process starting from aqueous solutions of ZrOCl2·8H2O and dopant ions precursors (Er(NO3)3·5H2O and Yb(NO3)3·5H2O); the
concentration of Er3+ was kept constant (0.5%) whilst the Yb3+ concentration was varied (1%, 2% and 10%).

RESULTS AND DISCUSSION
XRD analysis evidenced that undoped ZrO2 is a mixture of monoclinic and tetragonal phases, being the monoclinic the main one. Increasing the Yb3+ loading, the
tetragonal phase is favoured. HRTEM and DLS analysis showed that the samples are composed of nanoparticles with average diameter <100nm, which undergo
moderate aggregation in aqueous media. Absorption and emission UV-Vis-NIR spectroscopies, augmented by upconversion measurements, indicated that the
optical features of lanthanide ions were maintained within the host matrix, and that the increase in Yb3+ loading leads to a significant increase in Er3+ luminescence
through upconversion. Successful deposition of silica shell and its functionalization with photosensitizers was assessed by HRTEM and FTIR. The physico-chemical
characterization allowed to disclose structure-properties correlations, in particular with respect to upconversion efficiency of the pristine and functionalized UCNPs
and to the possible upconversion mechanisms involved. Photodynamic activity of the functionalized UCNPs was assessed, along with the possibility to trigger it by
upconversion.
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EFFECTS OF THERMAL CYCLING ON NANO-SCALE
ELASTIC MODULUS AND FRACTURE TOUGHNESS OF
THERMAL BARRIER COATINGS
INTRODUCTION
Thermal barrier coatings (TBCs) are an important element of modern gas turbines, which usually consist
of an oxidation resistant, metallic bond coat, such as an MCrAlY (M=Ni and/or Co) overlay or a Pt-Al
diffusion layer, and a 7–8 wt% Y2O3 (Yttria-partially stabilized Zirconia–YSZ) top coat, either obtained by
electron-beam physical vapour deposition (EB-PVD) or by atmospheric plasma spraying. For such systems,
the main hindrance against achieving the required statistical reliability is the tendency of the ceramic top
layer to cracking and spallation during thermal cycling. Such phenomenon is particularly related to the
evolution of the microstructural and micro-mechanical properties of the coatings, as a function of the
number of thermal cycles. In particular, changes of stiffness and micro-scale toughness of the top ceramic
layer can be responsible for degradation of in service performance of TBC systems.

Bolelli G1,4, Righi MG1,4,
Mughal MZ2, Moscatelli R2,4,
Ligabue O3, Antolotti N3,
Sebastiani M2,4, Lusvarghi L1,4,
Bemporad E2,4
1

Department of Engineering “E. Ferrari”,
University of Modena and Reggio Emilia, Reggio
Emilia, Italy
2

Department of Engineering, Roma Tre University,
Rome, Italy
3

Turbocoating SpA, Rubbiano di Solignano,
Parma, Italy
4

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

MATERIAL AND METHODS
In this work, the effects of thermal cycling on nano-mechanical behavior and microstructure of thermal barrier coatings are investigated by using innovative
nanoindentation-based methods. In particular, the use of high-speed/high-throughput nanoindentation helped elucidating the evolution of hardness and elastic
modulus distributions of highly heterogeneous Yttria-partially Stabilized Zirconia–YSZ, as a function of the thermal cycling number. Additionally, the evolution of
fracture toughness of the thermally grown oxide (TGO) was investigated by the use of nanoindentation micro-pillar splitting.

RESULTS AND DISCUSSION
The results showed that fracture toughness of TGO is remarkably changing as a function of thermal cycling, with an initial significant increase of TGO fracture
toughness at the early stages of thermal cycling, which is followed by a rapid decrease after a critical thickness of the oxide layer is reached. This is, for the first
time, correlated to a change of the main mechanism of crack formation at the critical thickness threshold. The observed trends of small-scale mechanical behaviour
are finally correlated to observed microstructures, and it is inferred that the observed reduction in the properties of both the TGO and the top coat are associated
to micro (or sub-micro) scale degradation mechanisms.
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A POROUS CARBON WITH EXCELLENT GAS STORAGE
PROPERTIES FROM RECYCLED POLYSTYRENE

INTRODUCTION
The numerous applications of methane as energy vector would benefit greatly from adsorbed natural gas
(ANG) technologies, which are expected to compensate the low energy density of gaseous methane. With
suitable adsorbers the gas storage pressure in tanks could be lowered up to 20% of the value necessary in
compressed natural gas (CNG), or the stored quantity could be increased at the same pressure. Among
the various classes of materials proposed for ANG applications, activated porous carbons seem the most
promising for several reasons: versatility, which allows to tune the porosity by tailoring the starting
materials and the reaction conditions, high mechanical and chemical stability, and not leastly the
possibility to design cheap and scalable productions. Here we describe the preparation and the
characterization of a porous carbon with a very high methane uptake capacity, obtained through an easy
and scalable reaction from expanded polystyrene, a virtually costless material which can be recycled from
the packaging industry.
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MATERIAL AND METHODS
The material was prepared in two steps: first, a hyper-crosslinked (HPC) polymer, referred to as HPC-PS was obtained with Friedel-Crafts reaction from expanded
polystyrene (EPS). Then HPC-PS was chemically and thermally activated, producing a highly porous carbonaceous material, named KPS-1.

RESULTS AND DISCUSSION
FT-IR analysis evidence the good polymerisation after Friedel-Crafts reaction, in addition Raman spectroscopy was used to evaluate the carbonization degree after
the KOH-activated thermal process. The N2 physisorption analysis of KPS-1 show a family of micropores below 10 Å: to investigate this region in greater detail, this
material was further analyzed by adsorbing CO2 at 273 K. the QSDFT analysis was applied to the CO2 isotherm, providing the PSD and CPV for ultramicropores. The
nature of hyper-crosslinking in HPC-PS was also investigated using solid-state 13C and 1H NMR spectroscopy. The very good performances of this adsorber in the
methane adsorption also at high pressure are related to the favorable pore distribution in the regions of micropores (7−20 Å) and small mesopores (20−50 Å)
coupled to high bulk density, leading to an unusually large uptake on a volume basis. The storage density provided by KPS-1 is, compared with the best activated
carbon in the literature: is extremely good, as the storage capacity reaches 168 cm 3 (STP)/cm3 at 30 bar, larger than the best result published so far for a porous
carbon (148 cm3(STP)/cm3 for activated carbon LMA738).
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HIGH-ENTROPY ALLOY (HEA) THIN FILMS: SYNTHESIS
AND CHARACTERIZATION

INTRODUCTION
High Entropy Alloys (HEAs) consist of 5 or more elements in nearly equi-atomic amounts. The large mixing
entropy stabilizes a single-phase solid solution with highly symmetric, BCC or FCC lattice. This confers high
mechanical strength and corrosion resistance, attractive not only for use as bulk materials, but also as
protective coatings. However, very little is known on the manufacturing of HEA films by Physical Vapor
Deposition (PVD). This work therefore aims to elucidate how the properties of Mo 20Nb20Ta20V20W20 HEA
coatings vary with the deposition process and deposition condition.
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MATERIAL AND METHODS
Coatings were deposited using a lab-made PVD system equipped with a Mo20Nb20Ta20V20W20 target,
mounted on either a Direct Current Magnetron Sputtering (DCMS), High Power Impulse Magnetron
Sputtering (HiPIMS) or Cathodic Arc Deposition (CAD) source. Si (100) substrates were fixed at angles of
0°, 15°, …, 90° with respect to the target surface normal.

RESULTS AND DISCUSSION
All samples display columnar microstructure consisting of a BCC solid solution with (110) orientation. Columns grow tighter changing from DCMS to HiPIMS and
CAD sources, as more energetic film growth conditions are present. Coatings by DCMS and HiPIMS sources are enriched in V at 0° and attain nearly stoichiometric
composition at 60-75°. With the CAD source, equi-atomic films are obtained at 0° and become progressively richer in V as the deposition angle increases. In all
cases, significant enrichment in V is observed at 90°. DCMS films are subject to tensile residual stress, whereas compressive stresses were detected in HiPIMS and
CAD films, probably due to ion bombardment effects. The highest compressive residual stresses were induced by the HiPIMS process, which, at some deposition
angles, led to buckling delamination. The hardness of the films increases when changing from DCMS to HiPIMS and CAD. Overall, with increasing deposition angle,
the film hardness increases, consistent with the maximum of compressive residual stress. HEA thin films show considerable promise for protective coating
applications. Particular care has to be placed in controlling the residual stress state and minimizing the deviation from the target stoichiometry, although a BCC
single-phase system could be achieved even with non-equiatomic systems.
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COMPLEX HYDRIDES FOR ENERGY STORAGE

INTRODUCTION
Complex hydrides are interesting materials for hydrogen storage because of their light weight and their
high number of hydrogen atoms per metal atom. Complex hydrides exhibits Li superionic conduction and
they have been suggested as solid-state electrolyte for Li-ion batteries. In this work, examples of studies
on complex hydrides for different applications will be provided.
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MATERIAL AND METHODS
Samples were synthetized by ball milling. The structure was determined by XRD coupled with Rietveld
refinement. The thermal behaviour was analysed by HP-DSC. The release of hydrogen was detected by
MS and TGA. The Li-ion conductivity has been investigated by EIS. An assessment of thermodynamic
properties of various systems has been obtained by the CALPHAD approach.

RESULTS AND DISCUSSION
Results on hydrogen desorption for complex hydrides can vary significantly depending on experimental conditions, because several metastable products can be
formed during dehydrogenation reactions. Combining ab-initio calculations and experimental investigations, possible dehydrogenation paths were outlined and
results of assessments of thermodynamic properties (e.g. LiBH4, Mg(BH4)2) will be reported. By mixing different complex hydrides, it is possible to tailor the
hydrogen sorption processes. Examples will be provided for eutectic mixtures of borohydrides (e.g LiBH4-NaBH4) and for equimolar combinations in the LiBH4NaBH4-KBH4-Mg(BH4)2-Ca(BH4)2 system. On the basis of hydrogen sorption properties, applications of a solid state hydrogen tank based on complex hydrides
coupled with a HT-PEM fuel cell will be shown. Due to a orthorhombic-to-hexagonal structural transition around 390 K, LiBH4 shows an ionic conductivity up to 10-3
S·cm-1. Addition of halides to LiBH4 can stabilize the hexagonal phase down to room temperature. Examples will be provided for LiBH4-LiCl-LiBr-LiI solid solutions.
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SUPPORTED NANOPARTICLES FOR CATALYSIS AND
BIOMEDICAL APPLICATIONS

INTRODUCTION
In recent years we have prepared a large variety of stable supported metal nanoparticles by using
supports such as silica, alumina, titania, magnetite (hereafter generally termed as Oxide Supports, OS)
and hydroxyapatite (HA) to be employed as catalytic systems and biomaterials.

MATERIAL AND METHODS
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In this framework, our research group has developed a convenient method for the anchoring, without the
addition of any external reducing and/or stabilizing agent, of AuNPs on different OS previously modified
with a propynylcarbamate organic functionality. In the HA case, we have instead reported an easy, green
and low-cost method to support AgNPs onto multifunctionalized HA-R crystals (R=zoledronate, (9R)-9hydroxystearate).

RESULTS AND DISCUSSION
It was found that among the investigated systems AuNPs/SiO2 catalyst demonstrated to be the most active in the oxidation of a large variety of primary and
secondary alcohols both in batch and in continuous-flow packed bed reactors, yielding very stable performances as a function of time without any detrimental
activity degradation and for this reason it has been successively employed as heterogeneous catalysts in hydroamination reactions. With regard to the
hydroxyapatite support, loading of AgNPs onto modified HA-R gave rise to multifunctional materials that combine the biological properties of R with a significant long
-standing antibacterial activity of silver that hindered the development of bone-associated infections thanks to their significant inhibition of the growth of multidrug resistant Gram positive and Gram negative bacteria.
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GREEN CEMENT-BASED MATERIALS FOR 3D PRINTING:
PRELIMINARY TESTS AND CHARACTERIZATION

INTRODUCTION
Additive manufacturing of cement-based materials is a new challenge for the construction business.
Compared to traditional manufacturing, this technology offers important advantages: design freedom,
reduction of production costs and times, low pollution and safety. Printable mixture must meet certain
requirements in order to guarantee good extrudability, durability and suitable mechanical properties of
the final product. University of Marche patented a material that combines remarkable printing
characteristics and excellent mechanical performances. The purpose of this work is to study the
possibility of modifying the printing mix by adding recycled rubber tires to replace the sand and coarse
aggregate of the mixture. This strategy aims to improve some physical-mechanical properties of the
material (lightness, toughness, acoustic and thermal insulation) and promote the additive manufacturing
to reach its maximum cost-effective and environmental-friendly potentials.
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MATERIAL AND METHODS
Materials used for the experimental work are: a) cement-based printable mixture; b) rubber grain/powder from tire recycling processes: powder (0-0,8 mm) and
granulated (2-3 mm). Several rubber-concrete formulations were tested: reference, sand-powder mix and powder-granulated mix. Deposition tests were
performed for each mixture in order to monitor the printing properties. From printed artifacts, normed size specimens were extracted for mechanical
characterization. Microscopic analysis was performed in order to investigate the fillers distribution in the cement matrix.

RESULTS AND DISCUSSION
The replacement of the aggregates with rubber grain/powder provided a material with good printability. The type of filler affect the mix composition: in the richest
formulations of granulated, it was necessary to increase the mix fluidity. Increased hydration promoted a lower shape stability of the filaments during deposition.
Experimental characterizations, performed on rubber-concrete mixtures, show interesting results. The use of tire rubber as aggregate in cement mix shows
promising results in producing an innovative building material with improved performance in terms of lightness, energy absorption and ductility. The choice of the
optimal replacement ratio of rubber fillers is related to the achievement of the best compromise between mechanical strength and toughness based on field of
application. Future research will concern the effect of rubber on the thermal and acoustic insulation properties of cementitious material.
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IN SILICO STARK EFFECT: DETERMINATION OF EXCITEDSTATE POLARIZABILITIES OF SQUARAINE DYES

INTRODUCTION
Excited states of organic molecules are involved in the physical processes that occur in artificial devices
(i.e. light emitting diodes and photovoltaic cells) and in biological systems (i.e. photosynthesis). The
polarizability is an important feature of an excited state and it is related to several parameters like the
absorption coefficient, the Raman scattering cross section, and the dispersion forces that control the
assembly of organic molecules into aggregates. The magnitude of the dispersion forces is expected to
vary upon excitation, following the changes in polarizability from the ground state to the excited state.

Pilot R1,2, Orian L1,2, Bozio R1,2

1

Department of Chemical Sciences, University of
Padova, Padova, Italy
2

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

MATERIAL AND METHODS
The static electric polarizabilities (α) of a quadrupolar squaraine dye are investigated in silico, either as
the excess polarizability, i.e., the change from the ground to the lowest excited state, Δα, or as those of
the two states separately, depending on the approach. The polarizabilities are worked out by making use
of the energy and dipole moment Taylor expansions as a function of the electric field (E), in which α is represented by the quadratic and linear terms, respectively,
and also by means of the linear response approach. From a physical standpoint, the most appropriate approach to describing the molecular polarizability depends
on the processes in which the molecule is involved: for example, fluorescence methods provide information about relaxed excited states, and absorption methods
are used to determine the polarizability changes of excited states frozen in the ground-state conformation.

RESULTS AND DISCUSSION
We show that the excited-state polarizability does not strongly differ from the ground-state polarizability when the field is applied along the main axis of the
squaraine. In contrast, remarkable differences are found when the field is applied perpendicular to the molecular plane due to a large geometrical distortion of the
molecular backbone. The ground and excited state properties of a homodimer of squaraines with different geometries is discussed as well, in terms of interaction
energy and polarizability.
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MULTIFUNCTIONAL NANOSTRUCTURED PLA-BASED
MATERIALS FOR BIOLOGICAL INVESTIGATIONS

INTRODUCTION
Innovation in biomedical field requires new versatile materials with specific chemical composition and
physical properties. PolyLactic Acid (PLA) meets those requirements, representing one of the most
promising biodegradable and biocompatible polymer. The chemical functionalization of PLA allows the
fine tuning of physical and biological properties, suiting it for biomedical applications. The endfunctionalization is a feasible way to introduce functional groups that can be conjugated with hydrophilic
polymers (such as polyethylene glycol), targeting agents, fluorescent probes, etc…

MATERIAL AND METHODS
The functionalization of PLA has been carried out combining different synthetic approaches (ROP of
lactide, solvent-free reactions, Cu(I)-catalyzed cycloaddition reactions…). Complementary techniques
have been used for the characterization of new PLA-based materials, including GPC, 1H NMR
spectroscopy, MALDI-ToF analysis.
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RESULTS AND DISCUSSION
Two different synthetic strategies for the grafting of acetylene groups on PLA backbone have been developed. The clickable PLA derivatives have been used as
building blocks for the grafting of polyethylene glycol, azide-fluor 545, folic acid and integrin-targeting RGD peptide by efficient click reaction. PLA derivatives have
been further formulated in nanoparticles to obtain multifunctional nanoconstructs specifically designed for targeted delivery of antitumoral drugs. An innovative
solvent-free intra-chain amidation for the grafting of alkynyl end-groups in the backbone of commercial PLA has been developed using propargylamine as alkyne
donor. In parallel, the synthesis of a three arms star-PLA-PEG, decorated with pentynoic end-groups has been performed using a multistep procedure, involving
ROP, esterification and click reactions. With good tolerance to a variety of functional groups, mild reaction conditions, high yield and simple work-up, the protocol
lead to a series of functionalized PLA derivatives proposed as drug delivery systems.
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SIMPLE ASSESMENT OF FRACTURE RESISTANCE IN
SOFT ELASTIC MATERIALS

INTRODUCTION
Rubber materials are nowadays widely present in many engineering components such as tires, sealing
and dampers. Their low modulus and high reversible deformability, common to soft materials (gels, living
tissues), are making them attractive also for research applications as soft robotics, biomedical implants
and stretchable electronics. In such applications a proper characterization of fracture resistance is useful
for the development of tougher materials, or to guarantee structural integrity of components. Most
often, fracture resistance of soft materials is experimentally characterized by the energy release rate, the
energy dissipated to advance the crack by a unit area. One of the most common used specimen geometry
is SENT, a strip with a lateral notch loaded in tension. For this specimen, the energy release rate is
evaluated in literature works according to several experimental procedures. In this work the different
approaches to measure fracture toughness were compared to draw some guidelines useful for an optimal
experimental characterization of soft elastic materials.
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MATERIAL AND METHODS
An industrial nitrile-butadiene rubber was used for fracture tests. A set of SENT specimens with notches of increasing length were tested, and the fracture
toughness evaluated as J-integral or as tearing energy. The strain energy density far from the notch (W0), necessary to calculate the tearing energy, was evaluated
in various ways, from either notched specimens or unnotched specimens. In order to get reference values for comparison, a Digital Image Correlation system was
used to directly measure the strain field (and W0) far from the notch.

RESULTS AND DISCUSSION
The results show that, when sufficiently long specimens are used as in this work, the direct use of the load-displacement diagram of the tested specimen gives
accurate results for the tearing energy. On the contrary, the use of an unnotched specimen to estimate W0, approach mostly used in the literature, provides an
overestimation of the results. Finally, the J-integral parameter is in a fair agreement with the tearing energy results, for sufficiently long notches. The main influence
on the results however is given by the notch length, showing the big role of specimen dimensions on fracture toughness measurement.
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TOWARDS THE DEVELOPMENT OF NOVEL CONDUCTIVE
BIOINTERFACES INSPIRED BY NATURE: SYNTHESIS
AND CHARACTERIZATION OF GRAPHENIC EUMELANIN
-BASED HYBRIDS
INTRODUCTION
In the manifold of available biocompatible materials implementable as functional bio-interfaces, the
human pigment eumelanin (EU) is currently gaining increasing interest. EU is the only one, among the five
kinds of natural melanin pigments, showing a weak electrical conductivity. A currently explored strategy
to improve and tune its electrical properties is the integration with conductive graphene related materials
(GRM), opening new perspectives in the field of bioelectronics.
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MATERIAL AND METHODS
In this context we designed and synthetized conductive interfaces by an efficient integration of EU and a
new GRM named graphene like (GL) layers. GL layers were obtained by a two-step oxidation/reduction
wet treatment of a carbon black. The water stability of GL layers over a wide pH range and the selfassembling tendency make this material suitable for the production of hybrid materials in water
suspension. At first a hybrid material (EUGL) was synthetized integrating EU and GL layers in a mass ratio of 1:1 by in situ polymerization of the eumelanin
precursors in presence of GL layers. This material exhibited quite good adhesion to hydrophilic and hydrophobic surfaces, water stability, biocompatibility and
improved electrical conductivity compared to the sole EU.

RESULTS AND DISCUSSION
To deepen the structural relationship between the two counterparts (EU and GL layers) when integrated in the same material, different hybrid materials (EUGLs)
were then synthetized by in situ polymerization of the eumelanin precursor DHI in presence of growing amounts of GL layers and structurally characterized also
implementing advanced techniques (solid state NMR (ssNMR) and resonant photoemission spectroscopy). ssNMR data indicated that structural and packing
modifications occur in the hybrids with respect to EU. Such tighter packing of the constituent units was then supposed responsible for the improved electrical
conductivity of the hybrids. The results obtained so far on EUGLs hybrid compounds are encouraging, in view of a general understanding of the fundamental physics
of eumelanin and eumelanin-based hybrids and may open new perspectives in the design of a nature-inspired biocompatible interfaces since the explored synthetic
approach offer a feasible control of the structure/properties relationship of the target materials.
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MECHANICAL PROPERTIES OF RUBBER TOUGHENED
WOOD POLYMER COMPOSITES IN WET ENVIRONMENT

INTRODUCTION
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In the last years, the growing sensibility towards environmentally friendly materials has pushed the Wood
Polymer Composites (WPC) market along an increasing trend. The presence of the hydrophobic polymeric
matrix is a barrier that is sufficient for enabling the WPC to perform in wet environments better than
natural wood. This statement, however, is not always consistent with some WPC failures that occur
frequently in outdoor environment. The aim of this study is to evaluate the effect of rubber toughening
on the mechanical properties of WPC in wet environment.

MATERIAL AND METHODS
The compounds that have been used are blends of a commercial 70wt.% WPC (PP CO 68/BZ by
Plasticwood), neat polypropylene (INEOS ICP 402-CB12) and a PP-based thermoplastic vulcanizate
(Santoprene 201-73 by ExxonMobil). All compounds had 35wt.% wood and varying proportions of PP and
Santoprene. Tensile specimens (ISO 37_2011, type 1-A) have been obtained by punch cutting from 2mm
thick extruded slabs. Tests have been performed in two different conditions: (i) dry and (ii) after water soaking (10°C and 40°C) for about 30 days. All samples have
been observed by scanning electron microscopy (SEM), the images have been acquired after gold sputtering.

RESULTS AND DISCUSSION
Tensile tests have shown that, as the content of Santoprene decreases, strength increases while deformation at break decreases. After soaking in water at 40°C, the
WPC with 35wt% Santoprene shows mechanical properties that are slightly lowered by the hygrothermal stress and there is not a significant difference between
the behaviour in water at 10°C and 40°C. SEM analyses revealed that in dry condition the interface between matrix and wood particles is quite good, although some
porosity is present within the composites. After hygrothermal preconditioning, the interface quality worsens. On the other hand, the presence of Santoprene as a
thoughener reduces this effect. Rubber toughening is effective in decreasing WPC brittleness. Moreover, the extensive damage produced by hygrothermal stresses
during preconditioning would not decrease material toughness in the case of compounds with Santoprene. For these reasons a rubber toughned WPC could be a
good choice when the material must operate in close contact with water.
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ELECTROLESS METAL PLATING FOR HIGH
TEMPERATURE APPLICATIONS

INTRODUCTION
Electroless plating is the method used widely since his discovery in 1946 to obtain a continuous metal
coating onto a conductive surface. As the name suggests, the coating mechanism does not require an
external electrical current, but the metal reduction occurs via an autocatalytic redox reaction and, for this
reason, this technique is often referred to as autocatalytic deposition. The electroless nickel plating, with
more than 10.000 publications, it is the most studied metallic system obtained by this technique,
however the possibility to use the electroless approach with pure metals (e.g. cobalt, copper) is still an
open challenge because of the several deposition parameters and the poor bibliography associated with
them. In this work is analyzed a new deposition system, without using the typical reducting agents (such
as sodium hypophosphite or sodium borohydride) that involve the formation of intermetallic such as Ni-P
or Ni-B. Hydrazine monohydrate was used as reducting agent because the oxidation of hydrazine involves
the formation of gaseous N2 that can be naturally removed from the solution. Several parameters, such
as temperature, pH and deposition time, were analyzed and the best parameters were obtained.
Morphological characterization such as SEM (Scanning Electron Microscopy) and EDS (Energy Dispersive x
-ray Spectrometry) analysis were conducted in order to analyze the surface structure.
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MATERIAL AND METHODS
All the chemicals were purchased at ALFA Aesar and used without any further purification. The chemical composition of the solution and the preparation are
reported in a previously work. Different content of Co and Ni was obtained by modifying the ratio of NiCl2:CoCl2. SEM and EDS analysis were conducted on a FE-SEM
MIRA 3 Tescan equipped with a Octane SDD EDS.

RESULTS AND DISCUSSION
Different Ni/Co coatings were obtained by modifying the Co inside the chemical composition of the solution. In particular, 5 different coatings were obtained and
studied: Ni (100%), NiCo (70:30% – 50:50% – 80:20%) Co (100%). XRD and EDS analysis have confirmed the absence of heteroatoms (except the Ni and Co) inside
the metallic coating. The presence of Co inside the Ni matrix has shown a change in morphological structure, depending on the Co content .
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SESSION 2
New functionalities of materials

CARBON-BASED FILLERS AND FIBERS FOR
ELECTRICALLY CONDUCTIVE CEMENT MORTARS

INTRODUCTION
The incorporation of carbon-based fillers/fibers in cement materials allows to increase mechanical and
durability properties, with consequent reduction of maintenance costs, and to enlarge their functionality
owing to the improvement of electrical properties, useful for structural health monitoring. In this work,
for the benefit of environmental sustainability, the effect of virgin carbon-based additions (GNP and VCF)
on cement-based mortars was compared with that of carbon-based materials (BP1, BP2 and RCF)
obtained by recycling wastes of industrial processes. This work has been carried out by Università
Politecnica delle Marche within the EnDurCrete project, funded from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 760639.
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MATERIAL AND METHODS
Mortars were manufactured with limestone cement and calcareous sand at water/cement ratio of 0.50.
As conductive additions, three carbon-based fillers (BP1, BP2 and GNP at 4 wt.% by cement) and two
types of carbon-based fibers (VCF and RCF at 0.05 and 0.2 vol.% by mortar) were added both alone and together. As a reference, a mortar without any addition was
manufactured. Mortars were cured at 20°C and RH > 95% for 2 days, then at RH=50%. After 28 days of curing, specimens were subjected to mechanical (flexural
and compressive), durability (capillary water absorption) and electrical tests. Electrical resistivity was performed in AC by electrochemical impedance
measurements through four stainless steel embedded electrodes.

RESULTS AND DISCUSSION
When mortars contain fibers, the mechanical strength is improved especially if fibers are recycled (RCF), whereas when they contain fillers, only BP1 gives the best
mechanical results. All carbon-based additions reduce water absorption of mortars. For electrical tests, GNP and BP1 increase the electrical conductivity of mortars,
whereas the combined use of BP1 with fibers further improves this property. The improvement of mortars mechanical properties is due to the better interface
between RCF and cement matrix and to the reduced porosity when BP1 is used. Moreover, BP1 is a cost-efficient industrial by-product able to enhance the
electrical conductivity of mortars when used alone or with fibers.
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BIOMATERIALS AND ENGINEERED MICROENVIRONMENTS TO CONTROL CELL BEHAVIOUR

INTRODUCTION
Development of biomaterials for cell culture systems are indispensable for advancing in basic biology and
clinical translations. Breakthroughs have been discovered using 2D with defined and controlled physical
properties such as stiffness and geometry, evidencing that signals that cells receive from the physicality of
their microenvironment are absolutely essential for their survival and to direct their fate. These results go
far beyond the limit of the classically preferred culture model, 2D cell monolayers cultured on adhesive
rigid and flat plastic petri dish substrates. The development of properly engineered biomaterials and
nanofabrication techniques to better mimic the biological environment is nowadays a key point to
correctly interpret and understand molecular biology of cells.

Gandin A1,2,3, Gambetta A3,
Panciera T3, Totaro A3,
Citron A3, Piccolo S3,4,
Brusatin G1,2
1

Department of Industrial Engineering, University
of Padua, Padua, Italy
2

National Interuniversity Consortium of Materials
Science and Technology (INSTM), Florence, Italy
3

Department of Molecular Medicine , University of
Padua , School of Medicine, Padua, Italy.
4

FIRC Institute of Molecular Oncology (IFOM),
Milan, Italy

MATERIAL AND METHODS
To reproduce the complexity of the human environment we followed both a bi-dimensional (2D) and
three-dimensional (3D) approach to study how different cues can individually change the cell behavior. In 2D we developed two kind of substrates: 1. cell-adhesive
micro-patterned areas fabricated on glass substrates through a photolithographic process and surrounded by a non-adhesive coating consisting of polyacrylamide
brushes. 2. Synthetic polyacrylamide or PEG hydrogels with a controllable stiffness properly functionalized with adhesion proteins or peptides. In 3D we used HAgelatin based hydrogels for pancreatic organoids culture taking advantage of a cell-compatible polymerization chemistry.

RESULTS AND DISCUSSION
Cell-adhesive micro-patterns and 2D hydrogels substrates with different stiffness allowed to challenge mechanics on different size cells, demonstrating that
stemness or differentiation processes are mechanically controlled. Moreover, studies on function mechanisms of important tumor suppressor will be shown. In 3D,
stiffness dependent acinar to ductal metaplasia in pancreatic organoids will be shown. The engineering of in vitro 2D and 3D culture microenvironments opened up
a new way of investigate biological behaviors severely limited until the last decades by the common tissue culture plastics. Efforts to develop reproducible and
chemically/physically defined biomaterials, in particular hydrogels, and to use microfabrication techniques its mandatory to generate controlled
microenvironments, which more closely mimics key aspects of the natural environment of cells.
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NOVEL EPOXY-CYCLOOLEFIN COPOLYMER BLENDS
WITH SELF HEALING CAPABILITY

INTRODUCTION
Self-healing of polymers can be performed through thermoplastic polymers that can activate the healing
above their glass transition or melting temperature. Cycloolefin copolymers (COCs) are amorphous
thermoplastics obtained by copolymerization of norbornene and ethylene. Considering that COC was
never used as healing agent, this work aims to investigate the self healing behaviour of epoxy/COC
blends.
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MATERIAL AND METHODS
A bi-component epoxy system, provided by Elantas Europe Srl, was used as thermosetting matrix.
Polymeric granules of Topas 8007 COC, supplied by Topas GmbH, were utilized as healing agent. COC
granules were cryogenically grinded, the epoxy base was then added and degassed. After the addition of
the hardener, the mixtures were poured in silicone moulds and cured. Neat epoxy and relative blends
with COC contents from 10 up to 40 wt % were prepared. Samples broken in flexural tests were healed at 190°C for 1 h, applying a pressure of 15 MPa. For
comparison, virgin samples treated at 190°C for 1 h were prepared. Viscosity measurements on uncured mixtures were performed through a Brookfield
viscosimeter. Optical microscope images of the samples were taken observing their polished surfaces. Thermal properties of the blends were assessed through DSC
and TGA tests. Tensile properties were measured at 1 mm/min. Fracture behaviour of the prepared samples was assessed through three point bending tests on
notched specimens at 10 mm/min.

RESULTS AND DISCUSSION
The addition of COC powder progressively increased the viscosity of the resin. Optical microscope images showed that COC particles were homogenously
distributed within the epoxy matrix, with a mean particles size of 150 μm. The introduction of COC in the epoxy slightly improved the thermal stability of the
samples, with a progressive shift of the mass loss towards higher temperatures. Flexural tests evidenced a decrease of the elastic modulus and of the failure
properties with the COC concentration. COC addition was responsible of a slight increase of the KIC, and also the thermal treatment had a positive effect on the
fracture toughness of the materials. Increasing the COC content the healing efficiency was enhanced up to values near to 100%.
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CHARACTERIZATION OF TOPAS® FOR THE DESIGN OF
AN INSULIN RESERVOIR IN A ROBOTIC IMPLANT

INTRODUCTION
An innovative completely implantable and non-invasively rechargeable robotic device is the objective of
ROBO-IMPLANT project (FAS Salute 2014 program, Tuscany Region). The purpose of this device is to allow
patients with hormonal dysfunctions (e.g. diabetic patients, hypothyroid patients) and suffering from
chronic pain to benefit from an automatic or semi-automatic intraperitoneal or intratecal administration
of insulin with a real time response to the physiological needs of the patient. In particular, the tank
containing the drug reserve must have some fundamental characteristics: biostability, impermeability,
resistance to gastric acids and hydrolytic enzymes, needle drillability without loss of contents, printability
in the required form, resistance to insulin coagulation and biocompatibility.
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MATERIAL AND METHODS
Among others, a cyclic polyolefin copolymer (TOPAS®), particularly interesting due to its already proven
ability to delay insulin clotting, was selected as a candidate material for the insulin reservoir. Two
different types of TOPAS® were tested (TOPAS® 8007 and TOPAS® 5013). A study was carried out on the mechanical (tensile, impact) and thermal properties using
differential scanning calorimetry and thermogravimetric analysis. Infrared spectroscopy was performed. Polymer solubility and filmability were investigated. Insulin
contact tests were performed under stirring at 37°C. At predetermined intervals, spectrophotometric measurements were carried out to verify insulin aggregation.

RESULTS AND DISCUSSION
Both tested TOPAS® formulations have considerable mechanical properties in terms of impact resistance (17.6 and 10.02 kJ/m 2), the module obtained (2.5-2.7 GPa)
are relatively low but associated with good failure strength (40-56 MPa). Thermogravimetric analysis shows decomposition temperatures above 420°C for both
types of TOPAS®. The analyzed polymers had a relatively high glass transition temperature: 80°C for TOPAS® 8007, and 138°C for TOPAS® 5013. The polymers
showed higher solubility in chloroform than in dichloromethane. Insulin aggregation on TOPAS® surfaces resulted much lower than Teflon (positive control).
TOPAS® is a material indicated to produce anticoagulant films, together with Nylon. In this study, TOPAS® processability was investigated; in particular films were
obtained from solution and from blow molding (8007 type), and filaments were obtained from the melt to be used in 3D printing. The results showed that TOPAS®
is suitable for insulin reservoir fabrication.
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HIGH-TEMPREATURE PERFORMANCE OF
CEMENTITIOUS AND ALKALI ACTIVATED
LIGHTWEIGHT MORTARS
INTRODUCTION
The structure of cement-based (CEM) mortar, considerably changes after exposure to high temperatures
induced by fire and the subsequent cooling process. However, the crack development and loss of
mechanical properties can be reduced if refractory fillers or alkali-activated binder (AAB) are used.

MATERIAL AND METHODS
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White cement CEM II-B/LL 32.5R was used as reference binder (C). Then, C was substituted by volume
with refractory fillers: coal fly-ash (FA) and metakaolin (MK). In AAB mortars, MK was partially substituted
by FA and added to a sodium silicate solution. Pastes were characterized by SDTA–TGA and XRD analysis.
After curing, mortars were physically (porosity, density and volume) and mechanically characterized
according to current standards at 20°C and after the exposure to 500°, 750° and 1000°C.

RESULTS AND DISCUSSION
AAB mortars, exposed to 500°C had about 70% lower compressive strengths (Rc) than those detected at 20°C. Also, CEM mortars had a drop in Rc (of 20% to 33%
compared to Rc at 20°C) but it was mainly detected after the exposure to 750°C. After exposure to 1000°C, in CEM mortars the highest residual Rc was detected in
C-MK binder (around 12 MPa). In the case of AAB mortars, Rc was approximately 40% and 60% of their initial values, respectively. In CEM mortars, the slight
reduction of Rc at 500 °C is due to the evaporation of water whereas the great strength loss after exposure to 750°C and 1000 °C is related to the decomposition of
the matrix. In the case of C-MK, the high Rc detected is due to the formation of gehlenite, a crystalline phase that is thermally stable at elevated temperatures. In
AAB mortars, the drop in Rc is detected after 500°C due to water evaporation and crack formation; after exposure to 1000°C, the mechanical performance of the
mortars increased due to the microstructure change from amorphous to crystalline, where gehlenite is detected and the densification of the matrix occurs. The
formation of the same crystalline phase (thermally stable at elevated temperatures) is the reason for the similar performance of CEM and AAB mortars.
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SPECIALTY OPTICAL FIBERS FOR REMOTE SENSING
AND BIOMEDICINE

INTRODUCTION
Phosphate glasses are ideal materials for the development of specialty optical fibers, which for specific
applications can outperform the traditional silicon oxide based commercial optical fibers. In the field of
high peak power pulsed amplifiers operating in the near-infrared wavelength region, phosphate glasses
allow for the realization of short compact devices with high gain per unit length and minimized non-linear
effects thanks to their ability to incorporate high amounts of rare earth ions without clustering. Another
application area is possible through careful engineering of the phosphate glass, which can be made
degradable in biological fluids and thus open the possibility of deep-tissue diagnosis and therapy using
bioresorbable optical fibers.

MATERIAL AND METHODS
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The core and cladding phosphate glasses were fabricated through melt-quenching process and
characterized in their physical and optical properties. Each optical fiber was fabricated by drawing a
preform obtained using the rod-in-tube technique. The optical attenuation of the fabricated fibers were measured using the cut-back method. Optical gain
measurements were carried out on the rare earth doped optical fibers for amplification, while the bioresorbable optical fibers were immersed in simulated body
fluid (SBF) to test their dissolution rate.

RESULTS AND DISCUSSION
The erbium doped optical fibers were successfully fabricated and showed an attenuation loss value as low as 2 dB/m at 1300 nm. An optical gain per unit length of
4.0 dB/cm was obtained for small signal input at 1535 nm. The bioresorbable optical fibers showed the lowest attenuation value for a bioresorbable waveguide
configuration, reaching the value of 2 dB/m at 1300 nm. The fibers were shown to dissolve at a rate of 2 m/day and were used to fabricate standard optical fibers,
hollow fibers and microstructured fibers. The results of this research activity illustrate interesting prospects in the use of phosphate glass optical fibers either for
developing highly compact booster amplifier or resorbable optical fibers for biomedicine. The active fibers showed interesting gain per unit length. The
bioresorbable optical fibers showed the best performance to date in terms of attenuation loss among bioresorbable optical waveguides and the possibility to
fabricate multifunctional fiber based devices for biomedicine.
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NANOSTRUCTURED GOLD SURFACE FOR LOW-COST
DETECTION OF CONTAMINANTS IN WATER USING SERS

INTRODUCTION
The presence of biological contaminants in water like pesticides and hormones constitute a serious threat
to health and safety of human beings and their surrounding environment influencing the agricultural and
food processing industry. In particular, there is a lack of quick analytical tools with enough sensitivity to
issue an early warning of contamination in the environment or screening in the agri-food processing.
Surfaced enhanced Raman scattering (SERS) is a technique that can be made sensitive and quick to
comply with these requirements. While many demonstrations of ultra-high sensitivity detection in SERS
have been reported, mostly these performance leverages on a complicate fabrication via e-beam
lithography or on the use of special particles in colloidal form. In this work, we will present our recent
advances in the development of low-cost nanostructured gold surfaces for the detection of contaminants
and hormones suitable to be used in portable analytical tools.
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MATERIAL AND METHODS
Nanostructured gold surfaces have been obtained on microscope slide glass by a simple procedure following four steps: cleaning, functionalization, seed deposition
and growth. The cleaning step was realized by chemical cleaning with a Piranha solution. To functionalize the substrates, ammino-propyl-trimethoxy-silane (APTMS)
was used. Seed gold nanoparticles were grafted to the substrate by controlled dipping in a solution of commercially available nanoparticles of 10 nm diameter. The
growth of the nanosurface was realized by chemical reduction of HAuCl4 with H2O2 and other chemicals to obtain different types of growth (isotropic and
anisotropic).

RESULTS AND DISCUSSION
We will show that their sensitivity and accuracy are well beyond the needed detection limits and through a careful engineering of the surface properties we achieve
a great uniformity of the distribution of the hotspots reaching a variability of the SERS signal over 100um x 100um surface of less than +/-2%. Moreover, we
demonstrate limit of detection for pesticides like Thiram on the order of 10 nm, well below the concentration limits allowed. We demonstrated the use of SERS
substrates for the detection of contaminants in water employing a fabrication method that is scalable and of low cost leveraging only on wet processing technique.
The results show good sensitivity and limts of detections for few of the major contaminants.
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NANOPOROUS GOLD: A TUNABLE MATERIAL FOR SERS
AND ELECTROCHEMICAL APPLICATIONS

INTRODUCTION
Nanoporous gold (NPG) is constituted by metallic ligaments and porosities and is obtained by de-alloying
less noble elements while the more noble one forms ligaments by surface diffusion. NPG has sparked
interest because of the versatile size of morphology and the intriguing properties in the field of catalysis,
electro-catalysis, and SERS. We report studies of de-alloyed Au-based amorphous precursors then
successfully used as substrate for SERS, electro-catalysts for methanol oxidation and hydrogen evolution
reaction (HER).
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MATERIAL AND METHODS
Arc melted Au40-xSi20Cu28+xAg7Pd5 (at.%) (x= 0, 10, 20) alloys were melt spun into amorphous ribbons, 20
μm thick and 2mm wide. NPG was prepared by chemical or electrochemical de-alloying, setting properly
the etching conditions. SERS measurements were performed with a 785 nm laser using as probe
molecules 4,4’bi-pyridine (bipy) or melamine in ethanol. HER and methanol oxidation reaction were studied in 0.5M H2SO4 aqueous solution and 0.5 M KOH and 5
M CH3OH respectively.

RESULTS AND DISCUSSION
SERS experiments showed an increased activity as a function of decreasing ligament size. In the best conditions, the detection limit of 10-14 M was achieved with
bipy and 10-6 M with melamine. When applied as electrodes for methanol electro-oxidation, NPG remained active to more than 60% of the initial current density
after five hundred cycles, without further apparent decay. For HER, NPG exhibited a Tafel slope of 190 mV/dec decreased at 90 mV/dec after 1000 cycles and could
support MoS2 nanoparticles. It was shown that NPGs can be synthesized by chemical and electrochemical means with size between 40 to 200 nm and applied as
substrate for SERS and electrodes for electrocatalysis. NPG exhibited strong SERS effect because of the occurrence of hot spots at kinks and surface boundaries. In
electrochemical applications NPG can be envisaged as an electrode in methanol fuel cells not being subject to CO poisoning. A synergic effect was found between
NPG and MoS2 for hydrogen evolution reaction.
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DEVELOPMENT OF ANTI-ICING COATINGS FOR WIND
TURBINE BLADES

INTRODUCTION
To obtain 3D porous structures with desired morphological, physical, structural and biological properties,
decellularized matrices have been proposed for human tissue regeneration To date, only mammalian
decellularized matrices have been investigated as scaffolds, with very poor attention given to plants,
which are naturally characterized by versatile structures that mimic those of different human tissues. We
selected three plant-derived structures and, after decellularization protocol optimization, we investigated
different properties to propose a potential use for the regeneration of human tissues.

MATERIAL AND METHODS
Three categories of coatings were explored: TiO2-and CeO2-based thin layers obtained by liquid flame
spraying (LFS), cold gas sprayed (CGS) composite coatings consisting of fluoropolymer matrices reinforced
with ceramic particles, and organic-inorganic hybrid paints based on fluoropolymers and silanes.
Experimental characterizations include microstructure, phase composition and IR spectroscopy
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assessments; sand and water droplets/water jet erosion resistance; UV durability; static and dynamic water contact angle measurements; centrifugal ice adhesion
testing.

RESULTS AND DISCUSSION
LFS coatings exhibit super-hydrophobicity but inadequate cohesive strength and UV-durability for outdoor anti-icing usage. CGS produced comparatively much
thicker and denser coatings. Optimization of matrix/reinforcement coupling and post-process consolidation treatments confer high erosion resistance and good
stability under UV irradiation, ensuring the necessary durability. Through suitable fluoropolymer matrices, hydrophobicity and very low ice adhesion strength are
achieved. Hybrid organic-inorganic systems also attain excellent anti-icing performance, though the organic formulation must be adjusted to prevent UV
degradation. A key finding is the lack of clear correlations between water contact angle and ice adhesion strength, namely super-hydrophobic coatings are generally
unsuited to icing conditions. Their multi-scale surface texture offers numerous ice attachment points; frost can also grow directly inside roughness valleys. Some
correlation is only found between ice adhesion and receding water contact angle. Smooth surfaces with hydrophobic (but not super-hydrobphobic) behaviour are
generally found to be the best anti-icing solutions. More challenging than attaining adequate anti-icing performance, however, is ensuring that this is maintained
under drop and sand erosion conditions, which is an important requirement for leading edge coatings, whilst it is less critical for other blade regions.
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BROAD-SPECTRUM ADSORBENTS FOR WATER
PURIFICATION BASED ON COMPOSITE CHITOSAN
HYDROGELS
INTRODUCTION
In the last years, chitosan (CS)-based hydrogels are receiving growing attention as dye adsorbents for
water purification purposes. The effectiveness of CS in removing small organic pollutant molecules good
for anionic dyes, whereas cationic dyes exhibit adverse electrostatic interactions with the CS chains. To
provide CS adsorbent with adsorption capacity even towards cationic dyes, here we propose to mix CS
with hyper-crosslinked polymer particles (HCP), which are able to trap small organic molecules
irrespective of their electrostatic features.
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MATERIAL AND METHODS
Chitosan was dissolved in a mixture of bi-distilled water and acetic acid at room temperature. The HCPs
were synthesized through a modified Davankov procedure and were added to the CS solution and mixed
via magnetic stirring. CS and CS/HCP hydrogels were prepared through the phase inversion method using
NaOH solution as gelling agent. The dye adsorption capacity was investigated through equilibrium batch adsorption tests. The samples were immersed in monocomponent dye solutions at different concentrations. The flaks were agitated at constant temperature and the residual concentration of dye in the solution was
measured by means of a spectrophotometer at the characteristic maximum absorbance wavelength of each dye. This vale was hence used to compute the
equilibrium adsorption capacity of the samples (qe, in mg of adsorbed dye per gram of adsorbent).

RESULTS AND DISCUSSION
Based on preliminary analyses, composite CS/HCP hydrogels were prepared at low ΦCS (3 w/v%) and high ΦNaOH (6 w/v%) to combine good adsorption capacity and
adequate mechanical properties for the CS matrix. The results of batch adsorption tests on the composite hydrogels demonstrate the success of the strategy of
adding HCPs for compensating the low adsorption performances of the neat CS towards non-affine dyes. Besides exhibiting broad-spectrum adsorption capacity,
the results are generally better than what expected on the basis of a simple mixing rule. In terms of absolute qe values, the developed CS/HCP hydrogels exhibit
performances generally better than those of adsorbents of the same category. Preliminary tests show that further enhancements of the dye removal capacity can
be obtained by moving to CS nanocomposite aerogels, which possess much higher specific surface.
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MICROENCAPSULATION OF DOCOSANE IN ORGANOSILICA SHELLS FOR STRUCTURAL COMPOSITES WITH
THERMAL ENERGY STORAGE CAPABILITY
INTRODUCTION
Using organic phase change materials (PCMs) for thermal energy storage (TES) has become increasingly
frequent in the last decades, as PCMs are effective to manage intermittent energy sources. This work
focuses on the encapsulation of docosane in organosilica shells through a sol-gel route and on the
dispersion of the produced microcapsules in epoxy/carbon laminates, to obtain multifunctional structural
composites with TES capability.
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MATERIAL AND METHODS
The microcapsules were prepared in an oil-in-water emulsion of n-docosane and cetyltrimethylammonium bromide in water/ethanol-based solvent. Methyltriethoxysilane was used as organosilica
precursor, which was previously hydrolyzed under acid conditions. After stirring in basic environment, the
emulsion was filtered, washed and dried at 80 °C overnight. Microcapsules with remarkably different
diameters (MC1_50 nm; MC2_250 μm) were produced by tuning the water:ethanol ratio. The microcapsules MC2 were embedded in an epoxy matrix and in an
epoxy/carbon laminate, prepared via hand layup.

RESULTS AND DISCUSSION
X-ray diffraction (XRD) highlighted the different crystalline structures of pristine and microencapsulated docosane, with the presence of the “rotator” phase RII, and
13C solid state nuclear magnetic resonance (NMR) evidenced the influence of microcapsules size on the shifts of the docosane signals, as a consequence of reduced
chain mobility and interaction with the inner shell walls. A phase change enthalpy of up to 143 J/g was determined via differential scanning calorimetry (DSC) on the
microcapsules with the better performance (MC2), and tests at low scanning speed emphasized the differences in the crystallization behavior and allowed the
calculation of the phase change activation energy, which increased upon encapsulation. The microcapsules MC2 were embedded in an epoxy resin and in an epoxy/
carbon laminate. The presence of microcapsules agglomerates and the poor capsule-epoxy adhesion led to a decrease in the mechanical properties. Dynamic
mechanical analysis (DMA) highlighted that the storage modulus decreased of 15% after docosane melting. The heat storage/release properties of the obtained
laminates were proved through DSC and thermal camera imaging. Future work will be devoted to improving both the emulsion conditions, to increase the
encapsulation efficiency, and the microcapsule dispersion in a polymer matrix, to preserve its mechanical properties.

O_2_11

STRONGER CARBON NANOTUBE NANOCOMPOSITES
WITH ENHANCED DAMPING CAPABILITY

INTRODUCTION
Reinforcement and damping in carbon nanotube (CNT) nanocomposites take advantage of the large
interfacial area that the CNTs expose to the surrounding polymer chains. These two objectives are
however not compatible within the same nanocomposite. In the first case, a strong interfacial adhesion is
in fact required to guarantee an adequate load transfer, oppositely energy dissipation of the second case
necessitates an interfacial relative sliding. The focus of this work is to explore novel interface design
strategies to enhance interfacial dissipation and load transfer capability in carbon nanotube
nanocomposites while merging these two functionalities within the same material.
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MATERIAL AND METHODS
A two steps melt-mixing process was used to fabricate PBT nanocomposites with 0.25 wt% to 3 wt%
single walled CNTs which were then hot pressed at 265°C. An optimized solution casting method was
instead used to fabricate polyimide nanocomposites whose CNTs were surface coated with polystyrene
nanoparticles. Some of the above polyimide-based samples were then annealed at 350°C for nanoparticles removal. Differential scanning calorimetry (DSC)
analyses were carried out to investigate the melting and crystallization temperatures of the fabricated nanocomposites together with FTIR spectroscopy, AFM, SEM
and TEM characterizations. Finally DMA testing was used to validate the mechanical properties of the resulting materials.

RESULTS AND DISCUSSION
The integration of CNTs in a semicrystalline PBT matrix revealed the capability of CNTs to nucleate crystallite lamellae over the nanofiller surface forming, in
particular, shish-kebab-nanostructures. The higher density of electrostatic interactions between such crystallites and the CNT surface was found to deliver
enhanced dissipation capability, at larger strain values, when the crystallites "slide" over the CNT outer wall with a roto-translational motion. Polystyrene
nanoparticles coating the CNTs wall were found to exploit an interlocking mechanism which increased the mechanical properties of the nanocomposite, while their
removal through thermal degradation revealed the capability of the material to improve energy dissipation starting from ultra-low strains. The combination of the
above interfaces within the same material allowed to form a composite material that can provide at the same time reinforcement and damping.
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STRETCHABLE REGENERATED SILK AS ARTIFICIAL
MUCOSA HOSTING BIONIC YEAST CELLS FOR
ELASTOMERIC ELECTRONICS
INTRODUCTION
The surface instabilities are caused by the mismatch between different layers that expand or shrink with
different rates. Numerous examples can be found in nature, such as wrinkles on human skins and
crumpled membranes of yeast cells. Biological structures generally are made of multiple layers each of
them with different mechanical properties such as the mucosa on the esophagus. The growth of stiff skin
layers on underlying soft biological layers induces a mismatch of strains, creating a surface pattern. Once
a critical value of such mismatch is reached, the flat morphology of the film transforms in corrugated
patterns. The occurrence of such folded patterns in tissue or organs is of crucial importance. In organs,
the patterns in mucosa increase the surface areas for absorption of nutrients and water and reduces the
injury caused by mechanical stresses during the expansion of hollow organs. The research on materials
that can reproduce the mucosa folding being biocompatible as well as highly stretchable at the same time
is still challenging due to the lack of biomaterials that reproduce mucosal folding without the growth of
living cells on textured surfaces.
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MATERIAL AND METHODS
In this study we design the surface instabilities of films consisting of regenerated silk (RS) to simulate the folding of mucosa. The original higher elastic modulus and
lower stretchability of the RS are converted into lower Young’s modulus and higher elongation at break (i.e.≈400%), respectively, by means of a plasticization
process realized by the addition of CaCl2 in water ambient. The, the RS films were transferred onto prestretched silicone substrates. Relaxation of the pre-stretched
silicone substrate applies compressive strains on the RS film, which results in mechanical instabilities that evolve into the formation of folded structures predicted
by the theory of wrinkling.

RESULTS AND DISCUSSION
The mechanical stiffness and low plasticity of regenerated silk films are not comparable to that of tissues. Here, we used regenerated silk derived from B. mori
cocoons to obtain extremely flexible materials that bond well to a soft substrate. We report that such system mimics the mucosa folding by applying controlled
compressive strains on the regenerated silk layer by relaxation of the prestretched substrate. Finally, this plasticized silk has been used as hosting material for
bionic yeast cells containing carbon nanotubes as stretchable electrodes.
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THERAPEUTIC/REGENERATIVE PROPERTIES OF
EXFOLIATED BLACK PHOSPHORUS

INTRODUCTION
Currently, osteosarcoma is the most common bone cancer which mainly affects young people. In recent
years, several studies have focused the attention on the use of Photodynamic Therapy (PDT) as minimally
invasive therapeutic procedure that can apply a selective cytotoxic activity toward cancer cells. Here, we
propose the use of 2D substrate based on few-layer black phosphorous (2D bP) as an alternative tool for
osteosarcoma treatment and how 2D bP can inhibit cancer cell proliferation and in the same time to
stimulate newly forming bone tissue generation after osteosarcoma resection without photothermal
treatment.
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MATERIAL AND METHODS
Qualitative and quantitative investigations to evaluate the effect of 2D bP on human healthy (hMSC and
HOb) and cancer cells (Saos-2) with and w/o near-infrared irradiation treatment (NIR) in terms of cell
proliferation, differentiation and inflammation response were performed.

RESULTS AND DISCUSSION
Our investigations suggested that 2D bP w/o NIR stimulation promoted the HOb viability with the best expression of early marker of osteogenic differentiation at
day14. Conversely, 2D bP with and w/o NIR, induced a significant reduction in Saos-2 proliferation and inhibition of ALP activity. Moreover, 2D bP is able to increase
antinflammatory cytokines generation on co-culture model and to inhibit pro-inflammatory mediator synthesis thus suggesting the opportunity to prevent cancerrelated inflammation. We have demonstrated that 2D bP represents a promising candidate for future regenerative medicine and anticancer applications. The study
was supported by PNR Aging program 2012-2018 from the Ministero dell’Università e della Ricerca.
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ANTIBACTERIAL COATINGS FOR METAL IMPLANTABLE
ORTHOPEDIC DEVICES

INTRODUCTION
Orthopedic implant infection is a major complication in hip and knee joint replacement, especially
associated to revision surgery. Inorganic antimicrobial agents are largely investigated to provide long
term antimicrobial capabilities to implantable devices. Titanium alloys and Cobalt based alloys are
commonly used for knee and hip implants with different surface finishing. A clinically relevant and open
issue is the contrast of bacteria infections on orthopaedic devices with no or low effects on
biocompatibility. This work considered electrochemical technique based on Micro Arc Oxidation to treat
titanium alloys and titanium oxide based sol-gel coatings for cobalt based alloys to obtain biocompatible
antibacterial surfaces.

Chiesa R1,2, Moscatelli M1,
D’Agostino A1, Rimondini L2,3,
Cochis A3, Candiani G1,2,
De Nardo L1,2
1

Department of Chemistry, Materials and
Chemical Engineering 'G. Natta', Politecnico di
Milano, Milan, Italy
2

National Interuniversity Consortium of Materials
Science and Technology (INSTM), Florence, Italy
3

Department of Health Sciences, University of
Eastern Piedmont “Amedeo Avogadro”, Novara ,
Italy

MATERIAL AND METHODS
Gallium and silver ions were considered to dope the titanium oxide MAO formed on titanium alloy
surfaces. Thin TiO2 coatings enriched with Ag, Ga and Ag+Ga were developed and applied to CoCrMo
samples. The obtained surface were fully tested and characterized, by chemical, physical and biological methods.

RESULTS AND DISCUSSION
MAO was effective in introducing Ga and Ag into a thickened microporous titanium oxide layer. Results demonstrate the antibacterial properties of the obtained
surfaces, as well as high cytomptibility. Concerning cobalt based alloys that cannot be modified by MAO technique, different sol-gel formulations and coating
procedures were experimented and tested. Selected coatings, enriched with a minimum but effective amount of gallium and silver ions, were capable to provide
antibacterial capability to CoCrMo samples without any cytotoxic effect on eukaryotes. The study demonstrated the possibility to provide antibacterial property to
titanium and to CoCrMo alloys for the functionalization of implantable orthopedic devices to prevent and contrast prosthesis infections.
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NEW BIOACTIVE GLASSES WITH IMPROVED
PERFORMANCE

INTRODUCTION
In recent years, the need for repair and regeneration of tissues has dramatically emerged, because of the
world population ageing. Among other bioceramics, bioactive glasses have proven to be effective in
forming a strong bond with bone tissue and stimulate angiogenesis and neovascularization. However,
despite these interesting properties, bioactive glasses have shown some drawbacks, in particular the
tendency to crystallize during thermal treatments, which can inhibit the inherent bioactivity. Therefore,
in this work, bioactive glasses with novel compositions have been designed and produced, in order to
achieve higher crystallization temperatures.
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MATERIAL AND METHODS
The A novel composition named BGMS10 was designed, and produced by a melt-quenching route.
BGMS10 was tested with heating microscopy and DTA in order to obtain the critical temperatures of the
glass. Moreover, the glass was fully characterized in terms of biological properties: bioactivity was
evaluated by immersing samples in SBF, and biocompatibility was evaluated according to ISO10993. Finally human bone marrow mesenchymal stromal stem cells
(BM-MSCs) were used to investigate the performance of the bioactive glass in an innovative 3D cellular model.

RESULTS AND DISCUSSION
BGMS10 was characterized by a remarkably higher crystallization temperature than standard 45S5, a larger processing window and thus it could be sintered at
lower temperature. Moreover, in vitro tests confirmed the biocompatibility and the absence of cytotoxicity of such material, as recommended by ISO 10993.
Furthermore, bioactivity of the material was evaluated by using an innovative 3D cellular model, applied for the first time to a bioglass. In fact, osteoinductivity of
the biomaterial was studied with a cellular model (with BM-MSCs) that mimicked the potential clinical application of BGMS10 in in the orthopaedic field. BGMS10
supported human BM-MSCs adhesion, colonization and bone differentiation. The new bioactive glass was particularly promising, since it could maintain its
amorphous nature upon processing and consequently a pronounced bioactivity. In fact, bioactive glass drove osteogenic differentiation. For these reasons, BGMS10
can be considered a great candidate for the realization of products which require a thermal treatment, such as scaffolds, composites and coatings; thus it seems
particularly suitable for orthopedic applications, bone tissue engineering and regenerative medicine.
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PLANT DERIVED CELLULOSE SCAFFOLDS FOR
HUMAN TISSUES REGENERATION

INTRODUCTION
To obtain 3D porous structures with desired morphological, physical, structural and biological properties,
decellularized matrices have been proposed for human tissue regeneration To date, only mammalian
decellularized matrices have been investigated as scaffolds, with very poor attention given to plants,
which are naturally characterized by versatile structures that mimic those of different human tissues. We
selected three plant-derived structures and, after decellularization protocol optimization, we investigated
different properties to propose a potential use for the regeneration of human tissues.
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MATERIAL AND METHODS
Apple (Malus domestica), carrot (Daucus carota) and celery (Apium graveolens) samples were obtained
from fresh plants (diameter=10 mm; thickness=2 mm) and a decellularized protocol was optimized.
decellularized matrices have been investigated as scaffolds, with very poor attention given to plants,
which are naturally characterized by versatile structures that mimic those of different human tissues. We
check the reduction of plant DNA after the decellularization process, a commercially available kit (Plant DNAzol ®) was used. Stability test at 37°C was performed and
water uptake of anhydrous samples in physiological-like conditions was measured. Stereomicroscope and scanning electron microscope were used to investigate
samples morphology. Mechanical tests were performed by DMA to test the compressive properties of apple and carrots samples, and the tensile properties of
celery samples. In vitro indirect cytotoxicity tests were performed to investigate the absence of cytotoxic effects after the decellularization process.

RESULTS AND DISCUSSION
Effective decellularization of plant-derived 3D structures was qualitative proved by a loose of pigmentation and quantitatively by an average decrease of 60% of
plant DNA content after decellularization. SEM analyses showed the presence of pores for all the considered plant species, with different pore size and orientation
depending on the considered plant, thus proving the possibility of using these structures as scaffolds for cells colonization. All samples were stable in PBS at 37°C up
to 7 weeks. Apple, carrot and celery samples showed an elastic modulus of 4 kPa, 40 kPa, and 600 kPa, respectively. All samples could bear deformation up to 20%
without break. Indirect cytotoxicity revealed the absence of cytotoxic products. Plant 3D structures with human tissues-mimicking architectures were successfully
decellularized without toxic effects on cells. The obtained structures showed versatile morphological and structural properties, suitable for the regeneration of
different human tissues.
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SESSION 3
Technological applications, new
processes and new manufacture

CHEMICAL MODIFICATIONS OF BIOCOMPATIBLE
POLYMERS TO OBTAIN PHOTOCROSSLINKABLE
MATERIALS FOR 3D PRINTING APPLICATIONS: FROM
SYNTHETIC TO NATURAL MATERIALS
INTRODUCTION
The use of 3D Printing (3DP) in manufacturing has promised to produce components with complex
geometries according to computer designs. Although the spectrum of available materials has been
widened in recent years, there is still a lack of materials that can be processed with 3DP. The
functionalization of oligomers such as ε-caprolactone and Hyaluronic acid with unsaturated groups has
been studied in order to obtain biocompatible resins for 3DP applications. Different kinds of
functionalization have been studied based on the addition of photocrosslinkable moieties on the
polymer.
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MATERIAL AND METHODS
Diacrylate Polycaprolactone (PCLDA): Linear PCL oligomers were functionalized by reacting the terminal
hydroxyl groups of PCL diol with acryloyl chloride in dry dichloromethane under nitrogen atmosphere at
4°C. Divinyl-fumarate Polycaprolactone (VPCLF): Hydroxyethyl Vinyl Ether (HEVE) was employed to play the role of the ROP initiator, and to introduce a photocurable vinyl functional group. A subsequent reaction with fumaric acid allows the introduction of a fumarate group, in order to have a tri-functional macromer
suitable for UV curing. Methacrylated and Maleated Hyaluronic acid sodium salt (MEHA-MAHA): Hyaluronic acid sodium salt was methacrylated and maleated using
different degrees of substitution (DS) in order to have a photocrosslinkable hydrogel with tunable properties. Networks were formed by UV irradiation (365 nm)
using Lucirin TPO as a biocompatible initiator, and respectively Dimethylacetamide, N-Vinylpyrrolidone and distilled water as solvent. The physico-chemical and
mechanical properties were evaluated using several techniques including: nuclear magnetic resonance, differential scanning photocalorimetry, thermogravimetric
analysis and mechanical test.

RESULTS AND DISCUSSION
Spectroscopic analysis confirmed the presence of functional groups onto the functionalized polymers. Mechanical test showed that is possible to tune the
mechanical properties of the networks by varying the reaction conditions and resin compositions. Moreover, synthesized materials have been successfully applied
to stereolithography (SLA) and 3D Bioprinting (3DBio) techniques for the realization of refined porous structures. The major objective of this study was to synthesize
biocompatible materials for 3D printing applications. To this aim, different kinds of polymer’s functionalization were proposed to obtain photocrosslinkable
polymers for SLA and 3DBio techniques to realize refined porous structures for biomedical applications.
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ELECTROSPINNING OF SILICA GEL NANOFIBRES

INTRODUCTION
Among the most used porous material for applications such as water adsorption heat pumps and chillers,
silica gel is preferred, being inexpensive and available in large quantities. It is offered on the market in a
variety of granules and powders and is normally used in granular form. In this study, preliminary results
of a new hybrid material made of nanofibres obtained by the electrospinning of silica gel/polymer
solutions are presented. The obtained composite materials showed interesting properties, whose further
investigation might have a great role for a number of applications.
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MATERIAL AND METHODS
Polyacrylonitrile precursor (PAN) and N,N-dimethylformamide solvent (DMF) were used for the
preparation of the polymeric solution. A silica gel powder of size 70-230 mesh was then added. For the
electrospinning process, the silica gel/polymer solution was electrospun at a flow rate of 1.1 mL/h, a
working distance tip-collector of 15 cm and with an applied voltage of 13.5 kV. Morphological
investigations were carried out by electron microscopy SEM. The thermal stability of samples was analysed by TGA-DSC measurements from 25 to 300 °C in
nitrogen flow with a heating rate of 10 °C/min.

RESULTS AND DISCUSSION
The electrospinning process generated a compact mat where the larger silica gel particles along with the smaller granules were embedded in the polymer. In such a
configuration, it was evident how the powder was trapped in the polymeric nanofibers net and at the same time how the silica gel porosity was preserved. Indeed,
as shown by thermogravimetric curves of silica gel powder and silica gel/PAN nanofibres, the silica gel mass decrease was 10% while the total mass loss of the silica
gel/polymer composite was 8%. The mass loss was due to the water desorption, with a small difference compared to the pure powder owing to the PAN
constituent. As a preliminary study, synthesis and characterization of silica gel/polymer composite nanofibers showed that the electrospinning process was simple,
scalable and resulted advantageous in blocking the powder granules in a high porous and high surface area composite. Indeed, no negative impact on the silica gel
properties was evidenced.
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SELECTIVE LASER MELTING OF ALSI10MG ALLOY:
MICROSTRUCTURE AND MECHANICAL BEHAVIOUR

INTRODUCTION
In the last few years Selective laser melting (SLM), belonging to the family of additive manufacturing
processes, has gained a good degree of industrial maturity and widespread availability thanks to its wellknown advantages. SLM process is based on local melting of small volumes of powder, therefore
extremely high cooling rates are experienced by the material, inducing deep microstructural differences
with respect to conventionally produced parts. The fine microstructure obtained during SLM can improve
the mechanical properties of the SLMed parts. However, specific heat treatments should be identified for
gaining ductility and for stress relieving. The goal of this work is to determine the conditions of low
temperature heat treatments on AlSi10Mg alloy, optimized for the microstructure induced by SLM.
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MATERIAL AND METHODS
An SLM system form Renishaw was used for manufacturing samples from AlSi10Mg commercial powder.
Microstructure was characterized via optical and scanning electron microscopy; microstructural changes
and precipitation phenomena were investigated via differential scanning calorimetry (DSC). Microhardness versus time profiles and tensile testing were performed.

RESULTS AND DISCUSSION
Cellular Silicon network was found spread in the Aluminum matrix in the SLMed samples. This peculiar microstructure, due to rapid cooling occurring during the
SLM process, was correlated to a peak, detected by DSC scans. Two other peaks were correlated to the Mg2Si precipitation, as well: these phenomena are present
in the conventionally casted alloy, too. The temperatures of the heat treatments for inducing both the transformations were determined through interpolation at a
heating rate corresponding to zero value. Aging curves indicated that the microhardness decreased from the as built condition till a stabilization and any
strengthening was not achievable for both the temperatures. Therefore, the duration of the heat treatments were fixed according to the asymptote of the aging
curves. It was found that the most suitable condition for balancing the strength and ductility of the SLMed alloy was obtained in correspondence of the first
transformation peak. It can be concluded that the thermal treatments usually applied to cast aluminum alloys should be revised in order to be adapted to the
peculiar SLMed microstructure for enhancing the mechanical performances.
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ADDITIVE MANUFACTURING FOR TOOLING OF PLASTICS
AND FIBER REINFORCED COMPOSITES

INTRODUCTION
The manufacturing of plastics and fiber reinforced composites requires the use of tooling which should
guarantee dimensional accuracy during processing, low cost and easy manufacturing. Traditionally,
tooling are made of metal, wood and plastic depending on the processing temperature and maximum
cost allowed. The tooling manufacturing can be either manual or by CNC. However, there is an increasing
interest towards the use of additive manufacturing (AM) for tooling manufacturing. The present paper
discuss the development of materials and techniques for the application of additive manufacturing for
tooling processing.
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MATERIAL AND METHODS
Three AM technologies were considered here: Fused Deposition Modelling (FDM), Digital Light Processing
(DLP) and InkJet technology. The materials used varied depending on the AM technique used. The tooling
geometries varied depending on the applications studied.

RESULTS AND DISCUSSION
Different part geometries were selected in this study based on the requirements of ACS. Hollow parts were preferably selected with dimensions ranging from few
cm up to 1 m. The tooling made by FDM was preferably manufactured using the support material SR100 available on the Fortus400mc. Tailored formulation were
used for analogous tooling when DLP was used. Changing the AM technique and material required to adapt tool geometries. Composite parts were successfully
produced but different cost and production time were measured changing the AM technique. DLP proved some cost savings in some cases but tool removal was an
issue. For plastics parts the peculiar case of microfluidic devices was considered. AM technologies for tooling were analyzed here. The results showed that several
design options exist and the final choice is the result of several parameters. The development of tailored formulations can be beneficial for the wide acceptance of
AM as a viable technique for tooling manufacturing.
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ELECTROLESS PLATING ON GRAPHENE (GNPs) FOR
SURFACE MODIFICATION AND COMPOSITES

INTRODUCTION
Carbon nanotubes (CNTs) and graphene nanoplatelets (GNPs), are two of the most interesting carbon
nanostructures (CNSs) usable as reinforcement in metal matrix composites material manufacturing
because of their excellent mechanical properties. Aluminium and magnesium are the most studied light
weight metals used as matrices in metal composites principally to their low density (respectively 2.7 g/
cm3 and 1.7 g/cm3) and low melting temperature (around 660°C for both metals). The improvement of
mechanical properties of these structural metals allows to obtain environmental and technical benefits
thanks to the possibility to reduce the global weight of different type of vehicles. However, carbon
structures have a poor wettability with liquid aluminium and magnesium causing many technical
problems during manufacturing process of composites. Nickel is one of the most used metals that
exhibits a great affinity with aluminium and magnesium and it is successful used to the application of a
functional coating onto the surface of the CNSs in order to improve their wettability by molten metal
matrix. In this work, pure aluminium and magnesium alloy (AZ63) composites were produced with
modified GNPs.
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MATERIAL AND METHODS
GNPs were functionalized with coating through a new electroless pure nickel deposition using hydrazine instead of hypophosphite as reducting agent. Powder
metallurgy method was applied for composites production: GNPs, modified with nickel, were mixed with aluminium or magnesium powders and then melted and
casted in induction furnace with centrifugal casting system in inert atmosphere. Nickel effects on fillers-matrix interfaces was investigated by SEM and EDS analysis.
Composites mechanical properties were evaluated by four-point flexural tests.

RESULTS AND DISCUSSION
An improvement of aluminium and magnesium alloy wettability on GNPs coated with nickel was shown and a better dispersion of fillers was exhibited compared to
uncoated one. The coating of GNPs made with a nickel solution containing hydrazine than hypophosphite seems to modify significantly the GNPs metallic interface,
moreover it allows to obtain a good dispersion of the reinforcements in the matrix avoiding formation of agglomerates.
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ANISOTROPIC BEHAVIOUR OF CARBON FIBERREINFORCED POLYMERCOMPOSITES PRODUCED BY
ADDITIVE MANUFACTURING: EFFECTS OF FILLER
ORIENTATION
INTRODUCTION
Carbon fiber-reinforced polymer (CFRP) composites have received great attention in recent years. Thanks
to their attractive properties such as high strength, lightness and good chemical resistance, CFRP found
many applications in different fields. The current limitations for these materials are linked to their relative
high cost and the complex manufacturing process. Additive manufacturing techniques are currently used
to process CFRP with short manufacturing cycle time and at low production cost. This work focuses on
the characterization of different CFRP composites produced by selective laser sintering (SLS) and fused
deposition modelling (FDM) techniques. The effects of fillers orientation on the material properties is
investigated.
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MATERIAL AND METHODS
Three CFRP composite systems have been investigated: two materials are produced by SLS and are
constituted by PA11 and PA12 matrix respectively; the third material is fabricated by FDM and it is constituted by PA6 matrix. These materials are characterized
from microstructural, thermal and mechanical point of view.

RESULTS AND DISCUSSION
Results indicated that the main factors which affect the materials properties are: the building directions (XY, YX e ZX for SLS and XY, XZ e ZX for FDM), the direction
of recoater movement (SLS) and the infill strategy used for the filament deposition (FDM). They have great influence on the orientation of the reinforcement
respect to the direction of load application and consequently on the material mechanical properties. The movement of the recoater during the SLS process allow
fibers alignment. In XY specimens the fibers are preferentially oriented parallel to the specimen axis; during the tensile tests the fibers are so parallel to the
direction of load application showing their strengthening effect. Sample with building orientation YX and ZX show lower mechanical properties because of the fibers
are oriented perpendicular to the direction of load application. For FDM components, the XY and XZ specimens show similar mechanical behavior; on the contrary,
ZX samples results the less performing. For the latter, the fibers orientation and the orientation of the interfaces between layers play a key role on the mechanical
properties.
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TRANSITION FROM POLYMERS COMPOSITES BASED
ON NANODIAMOND AND GRAPHENE PLATELETS TO
3D MANUFACTURING
INTRODUCTION
In the scenario of advanced materials, nanocomposites have gained the attention of researchers for a
long time. Among the various nanocomposites, the ones based on polymeric matrices dominate the
panorama due to their ease of production, lightweight and ductile nature. The last frontier in this field is
the use of eco-friendly matrices, like biopolymers that meet the requirements of nanocomposites for
every type of application: food packaging, cosmetics, biomedical devices, electronics. Relating to the
fillers, a prominent role is played by nanocarbons. In this context, hybrid materials based on biopolymers
and nanocarbons have been selected as a model system for the development of innovative inks for 3D
printing.

Tamburri E1, Politi S1,
Carcione R1, Terranova ML1

1

Department of Chemical Sciences and
Technologies, University of Rome “Tor Vergata“,
Rome, Italy

MATERIAL AND METHODS
Biocompatible and conducting polymers like PVA, PCL, PANI and PEDOT are used as host matrix while
nanodiamond (ND) produced by detonation and graphene nanoplates (GP) extracted from the shungite mineraloid are used as nanofiller. Chemical and
electrochemical polymerization methods are used for preparation of hybrid nanocomposites to be used as inks for 3D printing.

RESULTS AND DISCUSSION
Solid objects printed from ND and GP-based polymer nanocomposites are fabricated by using a customized 3D printing apparatus and by settling properly
optimized protocols for the additive manufacturing (AM) of these nanocomposites. The creation of 3D physical objects by AM from computer design program is a
disruptive technology that is presently gaining more and more attention. This is due to the variety of proposed uses in several fields of advanced applications.
However, the success of this new technique is determined by how easily manufacturing machines will be adapted to new nanomaterials with designated
functionalities and how such functionalities can be preserved by the printing process. Nanocarbons have proven to behave as extraordinary fillers able to provide
complex interfaces where the polymer chains can arrange giving rise to hierarchical nanocarbon/polymer structures with peculiar functional properties. The
functional characterizations performed on the printed objects confirm that they still retain the properties that the nanofillers impart to the polymers pointing out
how the adopted printing protocol is able to keep the properties imparted to a composite by the synergistic coupling of components with different properties.
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MATERIAL DEVELOPMENTS IN METAL ADDITIVE
MANUFACTURING

INTRODUCTION
Metal Additive Manufacturing (AM) is a class of production technologies in which metal components are
built layer-by-layer. The used AM systems can be classified on the basis of the method used to deliver the
material and on the energy source (laser, electron beam or plasma). This work aims to present an
overview of the microstructures and properties of AM materials and of the material developments for
Laser Powder Bed Fusion (LPBF), Electron Beam Melting (EBM) and Directed Energy Deposition (DED)
technologies.
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MATERIAL AND METHODS
The main materials processed through LPBF, DED or EBM technologies are steels, titanium aluminide,
aluminium, nickel and titanium alloys. The study of new AM materials starts from densification data and
optimisation of building parameters (source power, scanning speed, hatching distance, layer thickness,
flow rates of carrier and/or shielding gas, beam focus, platform temperature, atmosphere, etc..). After
that, mechanical and thermal characterisations are carried out on as-built samples. Finally, a suitable heat treatment can relieve the residual stresses and allow to
achieve the highest mechanical properties.

RESULTS AND DISCUSSION
With most of the alloys, it is possible to produce dense AM parts using the most suitable building parameters. Generally microstructures are strongly correlated to
the used AM technology, the building parameters and the part geometry. Finally, the mechanical tests revealed that parts built by AM technologies are
characterised by high mechanical properties. The unique thermal history underwent by materials during the process explains the superior mechanical properties of
AM parts. Depending on the technologies, the materials solidifies with a high cooling rate obtaining extremely fine microstructures, supersaturated solid solutions
and high mechanical properties. The unconventional microstructural and compositional evolutions explain the interest in the development of new alloys specifically
designed for AM.
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EPOXY BLENDING FOR RESINS USED IN ADVANCED
MANUFACTURING BY DLP PRINTING

INTRODUCTION
Digital Light Processing (DLP) printing is one widely used as additive manufacturing techniques for
plastics. The fields of applications ranges from jewelry, dental, model prototype etc. However, scarce
applications as functional parts are reported despite the increase interest in the use of such technique. In
this paper we report similar approach applying it to daylight curing resins.

MATERIAL AND METHODS
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The photocurable resin used was the Hard Cream resin from Photocentric. Two epoxy resins DGEBA and
TGAP provided by Huntsman. The curing agent was the LonzaCure DETDA80 supplied by LONZA. As resin
toughening agents reactive rubbers (CTBN, Hycar series) were used. Some samples were cured under a
60 W lamp after resin’s pouring in a silicone mold. Other samples were printed photocuring them in the
Photocentric LHR2 printer. All samples were thermally post-cured in a standard oven.
with ceramic particles, and organic-inorganic hybrid paints based on fluoropolymers and silanes.

RESULTS AND DISCUSSION
The addition of the difunctional epoxy monomer resulted in an increase of Tg from about 140°C to nearly 180°C. The blend viscosity increased from 2 Poise to 12
Poise increasing the content of the DGEBA/DETDA content up to 50%. The influence of the epoxy addition was not limited only to the mechanical properties and to
the resin’s viscosity but, obviously, the photocuring kinetic was also affected. This effect was monitored practically showing the need to increase the exposure time.
The use of standard epoxy resins thermally curable was proved a simple and viable method to improve the thermomechanical properties of the resin used in a DLP
printer. However, some care in the formulation should be used to avoid difficult to process systems. The resins obtained can be potentially useful for tooling of
composites and for the making of functional parts too.
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WASTE COFFEE GROUND BIOCHAR AS A NEW HUMIDITY
SENSING MATERIAL

INTRODUCTION
Though worldwide consumption of coffee exceeds 11 billion tons/year, used coffee grounds are
landfilled. However, their porous structure makes them ideal materials for gaseous molecules adsorption.
Coffee grounds were used as a potential and cheap source for biochar production.
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MATERIAL AND METHODS
A waste brewed coffee powder was first washed many times with water then, centrifuged, filtered to
remove chemicals left over, and dried in an oven at 90°C for 10 h. Subsequently, the material was
pyrolyzed at 700°C for 1 hour in nitrogen atmosphere (120 mL/min). After pyrolysis, the material was
manually ground, leading to coffee ground biochar (CGB). An ink of CGB was prepared using ethylene
glycol monobutyral ether and polyvinyl butyral. Finally, the as-prepared CGB ink was screen-printed onto
alumina substrates with Pt interdigitated electrodes and, after drying, the sensors were heated at 300°C
in air for 1 hour.

RESULTS AND DISCUSSION
Scanning electron microscopy observations evidenced that CGB powder are highly porous with cavities having an average diameter of around 7 μm. Semiquantitative elemental analysis revealed a 95-96.8 wt% of carbon content, with oxygen concentration between 2.4 and 3.1 wt% and traces of Mg, P and K. X-ray
diffraction pattern showed that the CGB powder is amorphous, while Raman analysis confirmed a sp2 carbon-based disordered structure. The sensor response
(SR%) was determined as:

where Z0 is the initial impedance under dry air and Zg is the impedance under humidity exposure (both determined under 1 V at 1 kHz). When exposed to humidity
at 27°C, CGB sensors behave like n-type semiconductors: the impedance value decreased from 25.2 MΩ in dry conditions until 12.3 MΩ at the highest relative
humidity (RH) value. The sensor response started around 20% of RH and SR% reached 51% under 98 RH%. Negligible interferences were detected for CO2 500 ppm,
O3 200 ppb, NO2 200 ppb and NH3 50 ppm. It is well known that the presence of defects in carbonaceous materials improves the sensor response towards humidity:
CGB sensors exhibit a high ratio sp2/sp3 (4.2), as confirmed by XPS analysis. These defects are effective adsorption sites for water molecules.

O_3_10

ON THE USE OF MSWI BOTTOM ASH TO PRODUCE
ARTIFICIAL AGGREGATES

INTRODUCTION
Artificial totals/aggregate can be made by methods for two kinds of procedures: concrete based
granulation and high based temperature sintering. Of these, the last has been broadly contemplated and
in the significant writing there are various reports of uses in which many waste materials demonstrated
to have potential for use as feedstock: bottom and fly ash powder from combustors and civil strong waste
incinerators, metallurgical slags, dust from heater, mine and quarry tailings, silt, shredder squander, and
so forth.

MATERIAL AND METHODS
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A Metropolitan Solid Waste Bottom Ash (MSWIBA) originating from a stoker heater burning plant located
in Southern Italy was utilized in the examinations. In the plant ferrous metal is extricated from the loss
before it is bolstered to the incinerator. X-beam fluorescence and strainer examinations were done on
representative slag examples got from the dried gross example by the quartature strategy. Moreover, the
MSWIBA tests were blended with water and kept in fixed polyethylene packs for 7, 14 and 28 days. After every hydration time, dried powders were submitted to
synchronous TG and DTA with the end goal to evaluate the transformation of metallic aluminum into items in charge of swelling.

RESULTS AND DISCUSSION
Be that as it may, compressive quality ranges between a lot more extensive cutoff points than both thickness and WAC. The base compressive quality esteem (1.9
MPa) is just 42% of the most extreme one (4.5 MPa). This implies properties unique in relation to thickness and WAC, for example, nature and morphology of
hydration items and the subsequent microstructure, unequivocally influence compressive quality. The watched estimations of thickness, WAC and mechanical
quality are with the end goal that the granules can be classified as lightweight aggregated. As indicated by Italian control, just the combined discharge following 72
h (3 days) is to be considered for correlation with the limit fixed for each metal. This work has shown that base slag from civil strong squanders incinerator can be
effectively utilized for the creation of artificial lightweight total by cementitious granulation. Diverse fasteners can be utilized for the generation of the granules, yet
bond give tasteful mechanical legitimate ties in the field of auxiliary lightweight total. The granules have been utilized for delivering lightweight structural cement of
potential use as building materials.
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UV-ACTIVATED RADICAL INDUCED CATIONIC
FRONTAL POLYMERIZATION OF EPOXY-CARBON
FIBER COMPOSITES
INTRODUCTION
UV-activated FP was exploited for the preparation of epoxy-carbon fiber composites. The best curing
formulations were designed, defining the best photoinitiator: thermal initiator ratio, which was 1.5:1.5.
These formulations allowed to reach a complete epoxy group conversion and showed the sustainability of
the heat front along the distance of the sample.
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MATERIAL AND METHODS
The thermal front propagation was assessed by using a thermal camera and a starting time of 10 second
of irradiation was measured. By comparing the front velocity and the maximum temperature reached
among the pristine epoxy formulation and the composite epoxy formulation, it was observed that the
presence of the carbon-fibers induced an acceleration of the front velocity. This was attributed to the
high thermal conductivity of the reinforcing fiber which could facilitate the thermal front propagation. By
comparing the thermal-mechanical properties of the composite thermal cured and the same composite
crosslinked by frontal process, we could observe that the last one showed higher Tg value and lower σf.

RESULTS AND DISCUSSION
Similar behaviour was observed in the previous investigation reported for glass-fiber reinforced composites and the difference was explained based on the
formation of a different polymeric network since, when the amine is used in a stoichiometric amount for thermal curing process, it will significantly influence the
final Tg of the crosslinked network. On the other hand, when the composite is crosslinked via RICFP, the network is more tightly crosslinked since it is the result of
the epoxy units obtained via cationic ring-opening polymerization. The mechanical analysis shows the achievement of the same rigidity for the composites obtained
via RICFP and via thermal curing, while the strength f is compromised in the case of RICFP. This is probably due to the higher rigidity, as previously discussed due
to the formation of a different network.
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DEVELOPMENT OF Al ALLOYS FOR ADDITIVE
MANUFACTURING BY SINGLE SCAN TRACKS AND
MELT SPINNING
INTRODUCTION
Laser Powder Bed Fusion (LPBF) is an Additive Manufacturing (AM) process that allows the production of
fully dense metal components by melting thin layers of metal powder. It is important to underline that
the high cooling rate (103-8 K/s) of the melt pool generated by the laser scan tracks is a key factor.
Recently it was demonstrated that the LPBF process can be compared to Melt Spinning (MS), a Rapid
Solidification (RS) process. This aspect is extremely attractive from a materials science perspective as RS
processes allow the formation of metastable phases and supersaturated solid solutions with related
extremely interesting mechanical properties, by selecting the most suitable composition.
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MATERIAL AND METHODS
In this study, the processing of new Al alloy for AM is put in place. A small powder batch of AlSi10Mg+4%
Cu, obtained my mixing commercial powders, was used to investigate its LPBF processability by
performing single scan tracks (SSTs). In SSTs, the reduced sample size and the presence of the building platform strongly limit the analyses possibilities. Because of
these reasons, MS samples with the same composition were produced and used to analyze the microstructure and the phase evolution by X-ray and thermal
analyses. Finally, in order to have a first insight on the mechanical properties of LPBF and MS samples, nanoindentation measurements were carried out on the
samples cross sections.

RESULTS AND DISCUSSION
AlSi10Mg+4%Cu showed a good LPBF processability. Most of the SSTs have in fact a stable geometry thanks to a successful melt pool penetration in the substrate.
DSC analyses of MS samples revealed the precipitation of Si, Mg2Si, and Cu based phases. Nanoindentation maps are carried out on the most stable AlSi10Mg and
AlSi10Mg+4%Cu SST cross sections and MS samples, confirming similarities between the two processes. AlSi10Mg+4%Cu showed to be processable by LPBF, SSTs
were obtained with most building parameters. Moreover nanoindentation maps show the advantages from a mechanical properties point of view of the
introduction of Cu to the AlSi10Mg alloy. Furthermore, based on DSC results, nanohardness may increase by performing a heat treatment which allows the
precipitation of strengthening phases.
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CORROSION BEHAVIOR OF LASER POWDER BED
FUSION Ti6Al4V ALLOY FOR BIOMEDICAL PURPOSE

INTRODUCTION
Additive manufacturing (AM) techniques permit to create finished press-fit prostheses that exactly
reproduces the anatomical characteristics of the patient starting from patient image diagnostics (X-ray,
CT scan), reducing intervention times. Furthermore AM produces rough surfaces favouring
osseointegration, but the process and the post-processing heat treatment, modify the microstructure of
the alloy and its passive film, with consequent alteration of its passive current. Aim of the work is the
determination of the passive current of the alloy in simulated body fluids conditions.

MATERIAL AND METHODS
Short and long-term potentiostatic tests were carried out in de-aerated simulated body fluid solution
(SBF) at 37°C and +500 mV vs SCE, on Ti6Al4V specimens obtained by means of laser powder bed fusion
(LPBF). The specimens were tested with the roughness as built surface, after pickling in HF/HNO3 or
polishing. The obtained results were compared with the ones of the wrought alloy.
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RESULTS AND DISCUSSION
The initial high current density decreases with the time along an exponential law and, after few hours of immersion, it is possible to observe its reduction of three/
four orders of magnitude. However, the asymptotic value is reached only after about 6000 hours. The as-built LPBF specimens showed initial higher current density
than the polished ones and the presence of numerous spikes in the current. The pickling permits to partially remove these spikes, but they are totally avoided only
after polishing. The current density values at the asymptote are similar for all the LPBF samples and the traditional wrought alloy. The Ti6Al4V alloy has an excellent
resistance to corrosion given by the presence of a thin and stable passive film. The rough surface produced by LPBF - particularly indicated to favor the growth of
bone cells at the interface between the prosthesis and the diaphyseal canal - haven’t an adverse effect of increase of ions release by the film, in long term tests. The
pickling treatment permits to remove the initial spikes of current, but the time of treatments has to be increased to be sure to remove all the unmelt powders or
the balling formed during the 3D printing.
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LOW-COST THERMOCHEMICAL HEAT STORAGE BY
USING CEMENT-BASED COMPOSITE MATERIALS

INTRODUCTION
Heating is responsible for most of the residential energy demand. To reduce the energy consumption,
thermochemical materials (TCMs) coupled with solar thermal seem a promising option for seasonal heat
storage. Among the TCMs, composites made of salt hydrates and highly porous materials are the best
current option, since their coupling provides both high energy density and good mass and heat transport
properties. To reach a real application, however, the cost issue still remains to be addressed.
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MATERIAL AND METHODS
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A low-cost composite TCM was prepared, based on hydrated cement and hydrated CaCl2 or MgSO4. Very
high w/c ratios were used for cement, that was characterized by density, N2 physisorption, and
mechanical testing. The composite materials were prepared by impregnation from aqueous solution and
by a novel one-step technique, where cement was hydrated with a concentrated solution of the chosen
salt.

RESULTS AND DISCUSSION
The surface area of cement increased with w/c, while the density and compressive strength decreased. The energy density of composites was estimated by two
different techniques to be in the range 0.2-0.5 GJ/m3. A detailed characterization by equilibrium water vapor adsorption isobars allowed to estimate the energy
density obtainable in a real cycle, using either flat-plate or evacuated-tube solar collectors. The obtained materials present very interesting thermal properties, with
energy densities similar to more expensive materials, currently proposed in the literature for the same application. To understand the feasibility of applying this
material to thermal storage in a real application, a preliminary economic analysis was made, by calculating the price per stored kWh for literature-based materials
and for the cement-based composites. The results showed a three-fold reduction of price per stored kWh with respect to zeolite-based systems.
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COLLAGEN-BASED SUBSTRATES FOR URETHRAL
REGENERATION

INTRODUCTION
Urethral stenosis is a pathological condition caused by trauma, urinary infections, surgery and tumors
that significantly affects patient's quality of life. Traditional surgical approaches are based on the use of
decellularized matrices from porcine intestinal submucosa or autografts from buccal mucosa, both with
low success rates. Currently, tissue engineering researchers are working on the development of micropatterned, bioactive scaffold able to induce the regeneration of whole tracts of the urethra. In this work,
we propose two different types of collagen-based membranes, meant to be used as basic substrate for
the development of multilayered tubular device for urethral regeneration.

MATERIAL AND METHODS
Two different fabrication technique were employed to produce thin collagen substrates starting from
acidic suspensions: electrospinning, which allowed to obtain nanofibrous porous membranes, and airdrying, which allowed to obtain solid non-porous films. Following fabrication, all the substrates were
further cross-linked, by treating them dehydrothermally or with GTA, and sterilized by means of dry heat.
Samples were, then, characterized from a morphological, physical-chemical and mechanical point of
view. Biocompatibility tests were conducted with human Adult Renal Stem Progenitor Cells (ARPCs).
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RESULTS AND DISCUSSION
SEM analysis confirmed the presence of randomly oriented nanofibers of about 250 nm for electrospun membranes and a smooth surface for films. SDS-PAGE and
FT-IR confirmed respectively the collagen native state and the crosslinking effect. DSC analysis demonstrated denaturation temperatures much above 37°C. Tensile
tests showed a great elastic response up to about 20% strain. Degradation tests with collagenase exhibited a complete digestion in 2h. Biocompatibility tests on
both substrates exhibited good proliferation rates after 14 days. Both types of substrates displayed optimal chemical-physical and structural properties as a basic
material intended for use in tissue engineering application. Notably, they showed either mechanical properties compliant with the physiological stress of urethra
and good cell response. Although preliminary, these results suggest that the collagen-based substrates proposed in this study are good candidate as basic material
for the development of new products for urethral regeneration.
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EFFECT OF SUBSTRATE HARDNESS AND
ROUGHNESS ON ADHESION OF COLD SPRAYED
PARTICLES
INTRODUCTION
Cold gas dynamic spraying (CGDS) is a solid-state deposition technique consisting in the hypersonic
projection of ductile particles. Particles attach to the target surface through a plastic deformation process
that results from the dissipation of their impact kinetic energy. Establishing good adhesion between the
first layer of particles and the substrate is especially critical for the proper functionality of the coating.
The deformation processes occurring as a particle impacts onto the substrate are critically affected by
both the hardness and roughness of the latter, but their respective roles, and therefore also the optimal
conditions for strong adhesion, are not fully understood.
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MATERIAL AND METHODS
The present work specifically focuses on the CGDS deposition of a softer metal (Cu, 99.95% pure, 34+18μm particle size) onto a harder substrate (AISI 304 stainless steel). Starting from a
polished condition (Rz=1.5 μm),the substrate surface was progressively roughened by grit-blasting under various conditions (Rz=15.6, 33.9, 37.3, 51.0 μm).
Substrates were employed as-is and after vacuum annealing to remove any work-hardening, thus allowing to decouple the effect of roughness from that of
hardness. Adhesion of single CGDS Cu particles onto the various steel surfaces was verified by cavitation erosion testing: the lower the amount of particles
detached by cavitation, the higher their adhesion strength.

RESULTS AND DISCUSSION
On grit-blasted surfaces, which are both roughened and significantly work-hardened up to 500 –600 HV (measured by nano-indentation testing), the adhesion of Cu
particles is considerably worse than on polished steel. To the contrary, adhesion of Cu particles onto grit-blasted and annealed surfaces improves with increasing
roughness up to Rz=33.9 μm. SEM inspection shows that hardening the substrate surface through grit-blasting restrains its ability to deform plastically in response
to particle impacts. This limits the penetration of the particles and hinders metal jetting, a key phenomenon to achieve tight metal-on-metal bonding. Such negative
effect offsets any benefit from roughening, which instead becomes apparent as soon as hardening is relieved by annealing. Extensive mutual deformation and
mechanical interlocking indeed occur as Cu particles impinge onto a roughened but softened steel surface.
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NEW GOLDSMITH WAYS (NGW) – SUSTAINABLE
EVOLUTION IN THE GOLDSMITH 3D PRODUCTION CHAIN

INTRODUCTION
The basic idea of NGW project is to improve and centralize the 3D printing technology for goldsmith
products. The main goal is the realization of a supply chain production model with the 3D printing as a
central reference, developing the raw materials and tuning the printing equipment to make them suitable
for the specific requirements of the goldsmith production. The entire work is focused on the
improvement of quality and production flexibility to overcome the current limits by the integration of
materials and equipment and to make the 3D goldsmith production sustainable.
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MATERIAL AND METHODS
The activities carried out by INSTM within the NGW project covered: theoretical study of powder
morphology, study and experimental setup of nanostructured powders with the new atomizer prototype,
characterization (morphology, fluency, granulometry, microstructure and mechanical properties) of
metallic powders for additive manufacturing, experimental setup of the new 3D printing prototype using
both commercial and nanostructured powders, implementation of the D.O.E. for the identification of the optimal print parameters, characterization of the products
produced in SLM 3D printing and MJP printing with metal powders and commercial and proprietary resins respectively.

RESULTS AND DISCUSSION
The main objective achieved during the project was to explore and experiment, with the integration of traditional goldsmithing techniques with the new 3D printing
technologies to create a unique production chain. This objective involved a review of various production processes aimed to create extremely light samples with
high mechanical properties. Ad hoc samples were produced with the characteristics described by the industrial partners, to test the limitations and potential of the
newly studied 3D printing technologies. INSTM defined a characterization protocol for metallic AM powders to define feasible and repeatable procedures. The
activities carried out by INSTM on powders and prototypes showed a promising potential of this prototyping technique due to the possibility of creating models
with geometrically complex form factors and with characteristics of extreme lightness (as required by the project PO for the development of a collection of high
jewelry samples).
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EFFECT OF ZINC OXIDE DISTRIBUTION ON
VULCANIZATION EFFICIENCY AND MECHANICAL
PROPERTIES OF RUBBER NANOCOMPOSITES
INTRODUCTION
The production of rubber composites in tire industries involves a compounding phase and a curing
process. To get highly performant materials, a homogeneous distribution of chemicals, reinforcing fillers
and curing agents in rubber is required. Among them, ZnO is the most efficient worldwide employed
curing activator, even though its poor dispersion in rubber matrix generally implies a high demand of
ZnO. However, as ZnO undergoes leaching during tire life-cycle, the reduction of ZnO amount is becoming
an urgent issue. In this context, the present work aims at improving the dispersion of ZnO in rubber
nanocomposites, simultaneously reducing the employed ZnO amount. The impact of a different
distribution was studied by comparing the vulcanization efficiencies and the mechanical properties of
cured rubber nanocomposites prepared by using either a novel double function filler, ZnO/SiO2,
constituted by ZnO nanoparticles (NPs) anchored to silica or the conventional micro-crystalline ZnO (mZnO).
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MATERIAL AND METHODS
ZnO/SiO2 was prepared through a sol-gel procedure; ZnO NPs (3-5 nm) were anchored on silica particles, as demonstrated by the morphological and structural
characterization. ZnO/SiO2 and m-ZnO were used to prepare two polyisoprene (IR) nanocomposites with a brabender. The compounds were calendered at 50°C and
vulcanized in a compression molding press. A dynamic-mechanical analysis was performed at room temperature in tensile loading conditions: a 0.1% of amplitude
dynamic strain was superimposed to a static deformation, at a frequency of 10 Hz. Uniaxial tensile tests were also performed at constant nominal strain rate and at
room temperature, up to failure.

RESULTS AND DISCUSSION
ZnO/SiO2 showed higher curing efficiency in sulfur cross-linking of IR composites compared to m-ZnO and the cured materials presented dynamic-mechanical
properties suitable for tire production at lower Zn amount. Besides, different mechanical behaviors were registered for the two rubber nanocomposites using a
different distribution of ZnO. The higher curing efficiency of ZnO/SiO2 was explained by a more homogeneous distribution of zinc in rubber and higher accessibility
of the Zn2+ ions during the process. The immobilization of ZnO NPs was responsible of a different reaction mechanism, which accounts for the higher cross-linking
density and different mechanical properties of the cured material.
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CAESIUM LEAD BROMIDE DEPOSITION VIA RFMAGNETRON SPUTTERING: A NOVEL APPROACH TO
INORGANIC PEROVSKITES THIN FILMS
INTRODUCTION
In the last decade, halide perovskites have attracted the attention of the scientific community thanks to
their excellent optoelectronic properties suitable for the realization of novel solar cells, light-emitters and
sensors. The main drawback of these materials comes from the significant instability under exposure to
atmospheric humidity, high temperatures and light. To overcome this issue inorganic perovskites, with
the organic cation substituted by an inorganic one, have been proposed. In this communication, we
report on the deposited thin films of CsPbBr3 via one-step magnetron sputtering.

MATERIAL AND METHODS
The deposition was made in a single step, on a glass substrate using a Korvus, HEX magnetron sputtering
system equipped with a RF source working at 13.56 MHz. A homemade target was obtained by mixing the
two precursors salts (CsBr and PbBr2) in equal molar ratio and pressing the powder to form a 5 cm
diameter disk.The deposition was performed at room temperature setting the RF source at 20 W using an
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argon gas flow of 20 cm3min-1 achieving a dynamic pressure of 0.2 Pa.

RESULTS AND DISCUSSION
The obtained films appeared to be transparent, uniform and lightly orange in color showing a green fluorescence under a 254 nm UV lamp illumination. Semiquantitative XPS measurements show the film slightly bromine depleted respect to the theoretical value while, the direct band-gap value estimated from DRS
measurements, is 2.13 eV, slightly smaller than in the bulk CsPbBr3 (2.4 eV). PL measurements show a decay time slightly faster (≈30 ±50 ps) respect to values
reported for spin-coated films and XRD measurements indicate the presence of highly textured CsPbBr3 phase. However, the overall optoelectronic properties
behavior turns out to be comparable to state of the art spin coated thin films. In conclusion, here we report the successful deposition of thin, uniform CsPbBr3 films
by RF-magnetron sputtering. The optical properties of the deposit are similar to bulk materials. This approach constitute a new route suitable for the realization of
large size devices or the implementation of multi-layer heterostructures, opening new scenarios in the current research on perovskite-related functional materials.
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DYNAMIC MECHANICAL CHARACTERIZATION
TECHNIQUES APPLIED TO A VARIETY OF MATERIAL
TYPES
INTRODUCTION
TA Instruments is a subsidiary of Waters Corporation that designs, manufactures, and sells high
technological analytical instruments for characterizing physical properties of materials. ElectroForce
group specializes in mechanical and fatigue characterization of industrial materials, biomaterials and
medical devices. This presentation covers a variety of such applications illustrating ElectroForce
equipment capabilities.
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MATERIAL AND METHODS
Mechanical loads were applied to a variety of specimens using TA ElectroForce Test Instruments, either
defined by the specific application needs or through international standards such as ASTM. Force,
displacement and temperatures were measured and used to determine the materials properties. In many
cases, this was oscillating displacement or force during constant or changing temperatures. For
viscoelastic measurements, Dynamic Mechanical Analysis techniques were employed including FFT analysis for calculating Moduli and TanDelta of the materials.

RESULTS AND DISCUSSION
Natural Rubber: NR properties are dependent on filler quantity. Specimen with increased filler content were shown to have same Tg but different dampening and
different Payne effects. Furthermore, rubber compounds prepared through phase mixing showed substantial resistance compared to conventional mixing when
subjected to mechanical fatigue using leveraged ASTM D-623.
E-Glass Composite: Fiber-reinforced polyester samples tested in four-point bending showed a transition from failing from compressive stress on top of the sample
at higher stresses to failing at tensile stress at lower stresses. This transition is also dependent on stress ratio.
Bone Tissue Engineering: Under periodic compressive loading of scaffolds seeded with stem cells, greater amount of collagen and bone mineralization were noted
which was comparable with bone regeneration under only drugs. This suggests that many un-wanted side-effects of drug-based bone regeneration can be avoided
by only mechanical stimulation.
Pericardium Characterization: Many available biologic and synthetic materials used in aortic surgery (including fresh and fixed human pericardium, bovine
pericardium and Dacron) display significant differences in mechanical properties and behavior in comparison with human ascending aortic tissue suggesting that
improvements are needed in prosthetic material design to better mimic native tissue.
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ADVANCED COATINGS VIA HiGH POWER IMPULSE
MAGNETRON SPUTTERING

INTRODUCTION
Polymeric Ta-Al-N and TiB2 films were deposited via High Power Impulse Magnetron Sputtering (HiPIMS),
which is an advanced PVD technology that combines magnetron sputtering with pulsed power concepts.
Applying high power pulses, large fractions of sputtered atoms and gas particles are ionized leading to
high-density coatings with enhanced adhesion, often improved toughness and reduced columnar
structure. Ta-Al-N is very promising for different technological applications due to its enhanced hardness
and thermal stability, noteworthy high temperature oxidation resistance and toughness. TiB2 is a viable
alternative material due to its high strength, melting point and conductivity. Moreover, it offers superior
hardness, elastic modulus and abrasive wear resistance. Due to its low wettability, TiB2 is suited to coat
cutting tools for non-ferrous alloys.
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MATERIAL AND METHODS
Ta-Al-N layers were deposited on Si coupons via HiPIMS from a TaAl target. Working pressure, N2/(Ar+N2)
ratio, power, temperature and frequency were kept constant. Conversely, the applied substrate bias voltage was varied from 0 to -100 V and the pulse length was
changed over the range 25–200 µs. Then, the authors reduced N2 percentage during sputtering from 50 to 5% in an effort to improve wear resistance. TiB2 coatings
were grown on TiAl6V4 alloy and Si substrates by both DCMS and HiPIMS technologies using a compound target. This study was focused on investigating the
influence of frequency (250—1500 Hz), substrate temperature (RT – 400°C) and bias on the resulting microstructure and mechanical properties.

RESULTS AND DISCUSSION
Concerning Ta-Al-N, reducing the N2 amount, a low nitrogen quantity was detected into the coating and also a very small Al at. % was measured. Indeed, the
variation in transport behavior and ionization fraction of different species led to a deviation of Ta/Al ratio as compared to the target source. Moreover,
microstructure varied and mechanical properties improved (H from ~27 to >30 GPa). HiPIMS stoichiometric TiB 2 samples had hexagonal phase, with a marked (001)
orientation. The highest hardness values were over 35 GPa. HiPIMS was effective in producing TiB2 specimens with increased toughness, hardness, elastic modulus,
elastic strain to failure and resistance to plastic deformation.
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FUNCTIONAL ELECTROSPUN VEILS: APPLICATION
FROM WOUND HEALING TO FRP COMPOSITES

INTRODUCTION
Electrospinning is a viable technique to produce nanofibers. Embedding fillers and/or decorating the
surface of the nanofibers expand the functionalities of the materials. This approach can be useful to
exploit different applications that can range from obtaining improved mechanical properties to have
antibacterial surfaces. The different approaches used and the results obtained are discussed in the
present paper.
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Polymers from nylon to polyethersulphones have been used in the present work. Needle-free and needle
based electrospinning units were used for veils manufacturing. Commercial carbon fabric dry fabrics and
prepregs were used depending on the application under study. The epoxy resins were based on the
DGEBA monomer.

RESULTS AND DISCUSSION
The electrospun fibers were successfully decorated with oxides or filled with natural components. The obtained veils were thoroughly characterized and disclosed
interesting antibacterial properties. Moreover, using opuntia extracts veils displaying good properties were prepared by a simple preparation route. The oxides
decorated veils were also used as interlaminar modifying agent. The electrospun veils proved to be a suitable substrate for growing oxide nanostructures or for the
preparation of opuntia extracts enriched surfaces. The oxide decorated nanoveils proved to interact favorably with bacteria while some issues were shown with
cells. The growth in the Z direction of nanostructured nanoparticles demonstrated to positive effect for reinforcing FRP laminates. However, care in design the
functional laminates should be put in order to avoid the presence of defects influencing negatively the final composites properties.
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DEVELOPMENT OF W-FREE THERMAL SPRAY COATINGS
BASED ON TiC-NiCr

INTRODUCTION
WC-Co(Cr) hardmetal coatings by thermal spraying exhibit excellent wear resistance at room
temperature but, apart from their unsuitability for higher temperatures, contain critical raw materials
(CRMs), since W and Co have strategic economic importance coupled to supply difficulties. Metallic cobalt
is also under consideration for a CLP classification as Cat. I-B human carcinogen. Replacing WC-Co-type
hardmetals is therefore desirable for multiple reasons; however, commercially available Cr3C2-NiCr
coatings, which do not pose as much criticality issues and are suitable for high temperatures, have poorer
wear resistance at lower temperatures. The present work accordingly focuses on TiC-NiCr coatings
obtained by High Velocity Oxygen-Fuel (HVOF) and Air-Fuel (HVAF) thermal spray processes.
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MATERIAL AND METHODS
TiC-25 vol.% (Ni-20wt.%Cr) and TiC-40 vol.% (Ni-20wt.%Cr) powders (hereafter TiC-25NiCr and TiC40NiCr) produced by high-energy ball milling were sprayed by HVOF (Metco Diamond Jet 2600) and HVAF
(UniqueCoat M3) processes. HVOF depositions were carried out through a 23 full factorial Design of Experiment, whilst the HVAF torch, less sensitive to parameter
variations, was operated under fixed conditions. Samples were characterized by SEM+EDX, XRD, micro-indentation testing, and ball-on-disc sliding wear testing at
room temperature and 400°C against an Al2O3 sphere. Electrochemical polarization tests were performed in a 3.5% NaCl solution. HVOF-sprayed WC-10Co4Cr and
Cr3C2-25(Ni-20Cr) coatings were used as references.

RESULTS AND DISCUSSION
All coatings are dense (≤1%. porosity), hard (800–900 HV3N), with some more oxide inclusions in HVOF samples. TiC-40NiCr coatings are generally somewhat harder
than TiC-25NiCr ones, which tend to crack during indentation, and are accordingly more resistant against sliding wear at room temperature. Their wear rates (≤10-7
mm3/(N·m)) are reasonably close to the WC-CoCr reference and much better than Cr3C2-NiCr. At 400°C, TiC-25NiCr retains greater hot hardness, thus performing
better than TiC-40NiCr and Cr3C2-NiCr, whilst WC-CoCr suffers from macrocracking. TiC-40NiCr coatings also exhibit the best corrosion resistance (ICorr≈0.2-0.4 μA/
cm2). TiC-40NiCr samples appear as a viable alternative to WC-CoCr in at least some of its applications, because of good wear resistance and superior corrosion
resistance. TiC-25NiCr suffers from brittleness at room temperature, but it is especially interesting for intermediate temperature usage.
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CELLULOSE RECOVERY FROM WASTEWATER:
PERFORMANCES ASSESSMENT AND POSSIBLE
IMPLEMENTATION IN CONSTRUCTION INDUSTRY
INTRODUCTION
The recovery of cellulose of toilet paper (CREC) from municipal wastewater is one of the most innovative
actions in the circular economy context. Fibres could address possible new uses in the building sector as
reinforcing components in binder-based materials. In this paper, rotating belt filters were tested to
enhance the recovery of sludge rich in cellulose fibres for possible valorisation in construction
applications. Different mortar mix designs have been manufactured, tested and compared by adding
increasing dosages of CREC fibres. CREC fibres were also compared with pure (CP) and recycled (CRIC)
cellulose fibres from newspapers in the same application.
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MATERIAL AND METHODS
Considering the elevated amount of cellulosic material to be used in the mortar’s tests, the CREC fibres
were provided by CirTec. Pure cellulose (CP) (Arbocel B400) and recycled cellulose (CRIC) (Arbocel
ZZC900) fibres, used as comparison. CP and CRIC fibres were chosen with length comparable to CREC
Ones. Fibres have been added in the mortar mix at 0% (REF), 5%, 10%, 15% and 20% by mortar volume. All the mortars have been tested in terms of morphological
structure, mechanical strength, water vapour permeability and moisture buffering capacity

RESULTS AND DISCUSSION
The addition of recovered cellulose fibres in mortars bring benefits in terms of lightness, microstructure and moisture buffering value (0.17g/m2%UR). Concerning
mechanical properties, flexural strength improved with 20% of recovered fibres. Further, simplified economic assessment was reported for two possible pre-mixed
blends with 5% and 20% of recovered fibres content. An increased addition of fibres gives a reduction in density and compressive strength of the composite. the
addition of cellulose fibres by reducing the binder content also lighten and increase porosity and therefore weak the composite. Indeed, despite of the type of the
fibre, beneficial effect in terms of Rf was found until 10% of fibres addition when the bridging effect overcomes the weakening effect. At higher dosages of CP and
CRIC, Rf starts to decrease and at 20% of cellulosic addition become comparable (CRIC) or even lower (CP) compared to REF.
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ZnO-BASED SELECTIVE HYDROGEN SENSORS FOR
THE ETHANOL STEAM REFORMING PROCESS

INTRODUCTION
Hydrogen is considered today a valid alternative to use of fossil fuels for the energy production and
management. Unfortunately, hydrogen is explosive and flammable so, regarding some applications such
as fuels for cars, a way to provide safely hydrogen to fuel cell car is to generate it “in situ”, for example
through the ethanol steam reforming reaction. For controlling the produced hydrogen, H2 gas sensors are
important. So far, most H2 gas sensors are based on metal oxides, noble metals (e.g.as Pd) or composite
of them, as sensing material, exploiting the high catalytic activity of noble metals for H2 oxidation.
However, so far, only very few researches focused the attention on developing sensors for monitoring
selectively hydrogen for this application. Further, use of noble metals as additive make the sensors
relatively expensive, therefore, alternative sensing materials/methods need to be explored for enhancing
the H2 sensing performance.
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MATERIAL AND METHODS
In this work we synthesized pure and Mo-and Cr-doped ZnO samples by a simple wet chemical method and characterized themby X-ray diffraction, scanning
electron microscopy, and transmission electron microscopy. The sensor devices were prepared by drop coating the sensing materials on aluminum oxide substrates
with platinum interdigitated electrodes on one side and a platinum heater on the opposite side. For the sensing measurements, the sensors were put it in a homemade sensing chamber. The gases used for the tests are coming from certified hydrogen and ethanol bottles.

RESULTS AND DISCUSSION
Characterization data evinced that pure ZnO sample possess a well defined dumbbell-like morphology, while Mo-and Cr-ZnO samples are characterized by the
presence of not-ordered structures at micrometric level. Among them, pure ZnO showed very good performance in terms of sensor response (R0/R = 10 to 2000
ppm of hydrogen), response and recovery time (5 and 7 s, respectively). Ethanol sensing was also tested. Overally, the response to H2and ethanol of ZnO-based
sensors was found to be dependent on the temperature, dopant nature and loading, providing a means to tailor the selectivity to hydrogen and making them ideal
for the application in the ethanol steam-reforming process.
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SCALABLE AND SUSTAINABLE SYNTHESIS TO
PRODUCE FERRIHYDRITE AND HEMATITE

INTRODUCTION
The possibility to produce nanomaterials on industrial scale for extensive applications represents today a
real challenge. Among nanomaterials, iron oxide nanoparticles (IONPs) are very promising thanks to their
versatility in several application fields. This paper is focused on a patented, eco-friendly and scalable
method to synthesize IONPs dispersed in water. The method, based on an ion exchange process, allows
producing ferrihydrite NPs in one-step, at room temperature and ambient pressure, with cheap or
renewable reagents. The produced NPs are used as precursor to obtain hematite NPs as well.
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MATERIAL AND METHODS
FeCl3·6H2Oandion-exchange resin Dowex Monosphere 550A. In order to prepare ferrihydrite NPs, the
anionic resin is mixed with an aqueous solution of iron(III) chloride, working at room temperature and
under moderate stirring, maintaining them in contact up to 60 minutes. Different concentrations of
reagents are considered. For the hematite production, the ferrihydrite NPs are calcinated at 500°C for 3
hours or aged in water at 80°C for 24 hours. Structural and morphological features of the obtained NPs are investigated by XRD, ATR-FTIR, TEM, SEM, and BET
measurements.

RESULTS AND DISCUSSION
A very fast kinetic of the process is registered, together with a yield of production >99% after only one minute from the beginning of the synthesis. The 2-line
ferrihydrite NPs are spherically shaped and monodispersed, with dimensions of 2nm and a BET surface area up to 420 m 2/g. As concerns the hematite NPs, their
dimensions range from 10 to 30 nm, with a BET surface area of 60 m 2/g. During the synthesis a fast and diffuse nucleation occurs. In particular, the nucleation is
enhanced at the highest reagents concentration, which leads to a higher supersaturation degree and a greater nucleation rate, finally resulting in smaller
nanoparticles. Moreover, since all nuclei form under the same conditions in the whole volume of reaction, a uniform size distribution of the NPs is obtained.
Concerning the transformation of ferrihydrite into hematite, an oriented attachment growth is hypothesized. The features of the synthetic method here proposed
maybe considered fora large-scale production, allow for a widespread usage of the produced NPs.

O_3_27

SESSION 4
Sustainable design and material life
cycle

RATIONAL AND ECO DESIGN OF BIO-BASED PLASTIC
FROM HERMETIA ILLUCENS PREPUPAE’S PROTEINS
FOR AGRICULTURAL PURPOSE
INTRODUCTION
Petroleum-based plastic is employed in agriculture for soil mulching film and temporary coverings to
increase the yield and quality of horticultural products. After use too small plastic’s pieces remained after
partial degradation can be founded as pollutant in the soil, therefore, bio-based materials have to be
considered as a favourable alternative. This study is focused on the employment of insect’s proteins to
produce plastics, derived from the prepupae of Hermetia illucens, better known as black soldier fly (BSF),
that in nature acts a safe waste bio-converter. Therefore, insects are used to process a waste and to
obtain proteins employed in a bio-based material, potentially compostable, which can find applications in
agricultural field.
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MATERIAL AND METHODS
Design of Experiments (DoE) techniques were employed to quantify the effects of plasticizer (glycerol),
solvent (water) and cross-linking agent (citric acid) on the capability of proteins to form a free-standing
film through casting technique. Mechanical, thermal and water absorbance characterizations were performed on the best bio-plastic formulation from DoE
analysis. Finally, the environmental impact of the laboratory scale production of bio-based plastics obtained from BSFs proteins was evaluated through the Life
Cycle Assessment (LCA) methodology.

RESULTS AND DISCUSSION
Glycerol has shown interesting properties as plasticizer contributing to the formation of a homogenous and free-standing film with tensile stress at break up to 2.5
MPa. Model correlating the factors (water, glycerol and citric acid) to the collected data has been founded to be statistically significant, indicating glycerol and citric
acid as significant factors as well as the ternary interaction of all the three factors. LCA shows that the energy consumption is high (63%), but this can be mainly
attributed to a laboratory scale production process and related with the energy consumption of aspiration system (93%). This study confirms that proteins
extracted from BSF could be used to obtain bioplastic films with enhanced mechanical properties when compared with other bio-based plastic from animal source.
These results are promising for agricultural purposes with the add value to use proteins deriving by the digestion of waste by insect and then contributing to the
circular economy perspective.
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USE OF PILOT-PLANT FOR STABILIZATION: COCOMBUSTIONE OF SEWAGE SLUDGE AND MUNICIPAL
SOLID WASTE INCINERATION FLY ASH
INTRODUCTION
Rendering is a project that provides the development of MSWI fly ash stabilization technology obtained
from the co-combustion of sewage sludge together with municipal urban solid waste. This process is
based on the use of only waste and byproduct materials (such as refuse ashes for the stabilization of
MSWI fly ashes). The project also includes the use of the pilot plant which will allow to stabilize the ashes,
generated by incinerator plants, which need stabilization treatment before landfilling.
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MATERIAL AND METHODS
The pilot plant is realized in order to make the stabilization of at least 100 Kg of fly ash, following the
procedure that have been realised in laboratory with the same conditions. MSWI fly ash used in this work
was provided by an Italian incinerator, which employs a dry flue gas cleaning system. By product
materials used in the proposed technology were supplied from the same power station located in Italy.
The procedure consists by mixing all the ingredients with distilled water at the room temperature. The
mixture has been left at room temperature for one or two months. After this time a leaching test has been made.

RESULTS AND DISCUSSION
The elemental composition of the MSWI fly ash and that of stabilized material was obtained by TXRF analysis. The major elements in the MSWI fly ash are Al, S, Ca,
K, Fe, Ti, Zn, Br and Pb. The stabilization procedure guarantees the heavy metals stability. For many factors that may not be taken into account in the laboratory,
the results obtained from the real scenarios might differ from those obtained from the standardized laboratory tests. With an increase in the experimental scale,
many properties related to system size can change in a nonlinear way. The stability of the obtained material was investigated by the evaluation of the pH
dependency of metal leaching. Results shows that the sample, produced at the pilot plant, is stable in comparison to MSWI fly ash.
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TAILORING ADDED VALUE CEMENT MORTARS WITH
RECYCLED TYRE RUBBER

INTRODUCTION
The low surface energy of rubber grains from end-of-life tyres can inhibit the penetration of water in
cement based artifacts, recognised to be an important cause of built heritage deterioration. The
discovery of such a new beneficial functionality for rubber aggregates still presents some concern due to
the sensitive reduction of the compressive strength compared to conventional composites made with
natural aggregate. In this contribution we will present our latest results of an experimental investigation
addressed to tailor a cement based product where, from one hand, the exploitation of tyre rubber can be
massive, hence attractive for the tyre recycling plants, and, on the other hand, with ready-to-market level
features, such as a plaster/renders/masonry mortar with hydrophobic character and acceptable level of
strength for the application.
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MATERIAL AND METHODS
Cement mortars were prepared by using: i) a typical masonry cement; ii) aggregate mixtures of both
sand and rubber, with 25% maximum rubber volume; iii) a granulometry-based design of the aggregate mixtures. Mortars, with a rubber volume finely tuned in the
0-25% range, were characterized in their hardened state, in terms of apparent density, mechanical strength, water permeability, and at fresh state. The use of
market additives for water permeability reduction such as Idrosilex powder (Mapei) and Readymesh polymer fibers (Azichem), has been tested for comparison.

RESULTS AND DISCUSSION
We have obtained mortars with a slight reduction of the mechanical strengths with respect to the full sand reference but - from the 20% rubber addition- with an
almost complete abatement of the water absorption. Interestingly, both the mechanical and the water permeability properties are fully developed just after seven
days from the start of curing. Muchmore, the rubber aggregate performs better than the polymer fiber additive and can be synergistic with the use of the powder
additive. We have this way demonstrated feasibility of using recycled tyre rubber in a specific cement based product with tailored performances and ensuring a
relevant massive exploitation of this secondary raw material.
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DESIGN OF A NEW CONTROLLED RELEASE NPK
FERTILIZER IN CIRCULAR ECONOMY PERSPECTIVE

INTRODUCTION
The present study concerns the design and laboratory-scale production of a new type of controlled
release fertilizer based on ceramic lightweight aggregates, developed from the eco-sustainable
valorisation of resources (leftovers from local agri-food industry). This innovative fertilizer with nutrients
controlled-release, being degradable in soil and environmentally friendly, fits the increasing needs of
agriculture and horticulture, highlighted also as H2020 European challenge.

MATERIAL AND METHODS
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Inorganic and organic leftovers were employed to produce lightweight aggregates, characterized by a
multi-layer structure able to promote nitrogen, phosphorous and potassium (NPK) controlled-release.
The architecture of the new fertilizer consists in an inorganic ceramic part providing phosphorous and
potassium coated with the nitrogen fraction extracted from the mature larvae of an insect (Hermetia
illucens, also known as Black Soldier Fly – BSF) used as a safe and extremely efficient bio-converter of
organic waste/leftovers. Different coating methods (such as immersion and mechanical covering) of the organic component on the porous inorganic core of the
ceramic lightweight aggregates were investigated. Design of Experiments (DoE) technique was employed to obtain the maximum information from the smaller
number of experiments concerning lightweight aggregate’s coating formulation and coating process technologies promoting the lightweight aggregate’s formation.
Finally, tests in citric acid have been performed to evaluate nutrients slow release within 21 days.

RESULTS AND DISCUSSION
Mathematical models of the correlations between the variable playing a role for the obtainment of multi-layers lightweight from experimental data were
developed, indicating the best formulation of leftovers to employ for coating formulation. In particular at least 50 wt% of nitrogen-enriched fraction from BSF is
required to obtain a functional coating through mechanical processing. The nitrogen-controlled release during all the period (21 days) was confirmed, although the
release of potassium and phosphorous was found enhanced in the first 7 days due to fact that these nutrients are also present into the organic compound forming
the coating. Through DoE methodology, nitrogen-enriched coating formulation and processing were defined. As future perspective the processing production of the
all slow-release fertilizer should be optimized to avoid a too fast release of potassium and phosphorous and in an industrial scale-up perspective.
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MECHANICAL RECYCLING OF AN END-OF-LIFE
AUTOMOTIVE COMPOSITE COMPONENT

INTRODUCTION

Pietroluongo M1, Padovano E1,
Frache A1, Badini C1

1

Department of Applied Science and Technology,
Politecnico di Torino, Turin, Italy

European regulations on the reduction of carbon dioxide have led to an increasing use of composite
materials in car components. At the same time since 1 January 2015, according to European directives,
manufactures has to reuse and recovery at least 95% in weight per vehicle. Inevitably, this results in the
production of a higher amount of waste from the manufacturing process and a growing challenge to
develop economically sustainable recycling methods for end-of-life components. The aim of this work is
to recycle end-of-life components through the mechanical method and to establish the possible
applications of the final materials based on the comparison between the mechanical and rheological
properties of the recycled materials with the pristine one.

MATERIAL AND METHODS
End-of-life radiator parts, taken from waste usually landfilled, made of glass-fiber reinforced polyamide
66 have been used. The component was subjected to 3 steps of grinding and injection molding and
compared to a reference material made of polyamide 66 reinforced with 35 wt. % glass fiber. Mechanical, rheological, thermal and microstructural properties were
carried out.

RESULTS AND DISCUSSION
The PA66GF radiator part has been reprocessed three times always obtaining materials with higher mechanical characteristics than the same unreinforced matrix.
However, a progressive worsening of mechanical features with reprocessing was observed. The deterioration of mechanical properties can be mainly related to the
reduction of the fiber length caused by milling and moulding steps involved in the recycling process. The progress in the fiber breakage process can be observed in
particular during the first and second reprocessing, while it becomes less important during further recycling treatments as the breakage of fibers with reduced
length is more difficult. However, the recycled material can be used in the automotive sector for those components made of unreinforced polyamide 66 or
reinforced with low percentage in glass fibers. Therefore, mechanical recycling can be a solution to the problem of disposing of composite materials in landfills, as
the products obtained still show satisfactory characteristics.
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PRELIMINARY STUDY ON THE PRODUCTION OF PIPES
USING HETEROGENEOUS RECYCLED PLASTICS FROM
FLEXIBLE PACKAGING WASTE
INTRODUCTION
The aim of this work was to evaluate the possibility of using FIL-S, a recycled material obtained from
heterogeneous post-consumer plastics, for piping applications. FIL-S was supplied by COREPLA (the Italian
Consortium for the Collection and Recycling of Plastic packages). As extensively reported in an our recent
work, the physical, chemical and rheological characterization of FIL-S evidenced that it is primarily
constituted of polyethylene (LLDPE and LDPE) and a lesser fraction of polypropylene, with traces of other
polymers, such as polyesters and polyamides, and of low molecular weight contaminants. The critical
issues, regarding the upgrading of FIL-S, essentially concern the incompatibility between the main
polymer fractions inside the recycled material and its hygroscopicity and bad smell. In this research, we
used not only FIL-S as such, but also different FIL-S based systems (Hot and Cold Washed FIL-S and
compatibilized FIL-S), that were analyzed and optimized in our previous studies to solve the several
critical issues of this recycled material.
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MATERIAL AND METHODS
FIL-S samples were first characterized according with ASTM D3350 standard (Standard Specification for Polyethylene Plastic Pipe and Fittings Materials), to measure
some of the properties (density, melt flow index, flexural modulus, tensile strength at yield) useful to classify PE-based compounds for the production of pipes with
specific performances. Then, the tubes were produced using a lab-scale plant and were submitted to thermal and mechanical characterization, this latter to
measure the annular rigidity of the pipes.

RESULTS AND DISCUSSION
The most interesting FIL-S systems, in view of a possible application as pipes, resulted the Hot Washed FIL-S and the compatibilized one. These materials, in fact,
showed density, melt flow index, flexural modulus and ductility values close to those relating to virgin polyethylene compounds, utilized for medium/high level
technological applications in the piping field. Moreover, both the washed FIL-S batches evidenced significant increases in pipe stiffness (about 66% for the Hot
Washed FIL-S) compared with FIL-S as such, while a less increment in annular rigidity (about 15%) was observed for the compatibilized FIL-S.
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EVALUATING MULTIPLE TEXTURE PROPERTIES OF
GELATINES BY COMBINING A NEW 3D PRINTED TOOL
AND A UNIVERSAL TESTING MACHINE
INTRODUCTION
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Strength of gelatine is employed by producers and end-users as a key quality indicator. The standard
method to define gelatine strength is the Bloom test. However, further information is helpful and
required by companies to meet consumers’ appeals. We developed a new probe designed ad hoc for a
universal testing machine by 3D printing to determine more properties on the same gelatine sample.

MATERIAL AND METHODS
Probes utilized in mechanical test were designed using the solid modelling software SolidWorks 12.
Additive manufacturing models were realized by rapid prototyping technique with the 3D printer Object
30 and the Objet VeroWhitePlus 835 acrylic resin. Mechanical tests were performed on standard
gelatines using a Zwick/Roell Z050 universal testing machine.

RESULTS AND DISCUSSION
A cylindrical-shaped tool and a concentric piston were combined for a fracture/compression test. A device for the classical Bloom test was 3D printed to find a
correlation parameter. One part of the probe allowed sampling a cylindrical specimen of gelatine directly from the cup (Bloom-like test), required for the
subsequent compression-extrusion test, and acquiring information correlated to gel strength. The probe employed in the Bloom-like test, filled with a cylindrical
gelatine portion, was overturned. Then, the concentric piston compressed the cylindrical gelatine portion sampled. Jellied mass flowed out through rectangular
slots and was collected on the plate of the probe. In the Bloom’s test, the plunger penetrated into the gelatine up to a depth of 4mm, without cracking the sample.
The maximum value of force recorded (the resistance to penetration) was translated as the Bloom degree. In the Bloom-like test a fracture stress, a drop of the
force and a subsequent increase up to the bottom of the cup were detected. Remarkably, for all the gelatines, the new probe must penetrate the average depth of
1.40mm ± 0.01 to achieve the corresponding Bloom degree. Furthermore, in the Bloom-like test, the maximum force registered was correlated with the resistance
to cut of the sample. In the compression-extrusion test, the mean value of the force necessary to extrude the samples was calculated and correlated to the
homogeneity of the jellies with different strength.
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A NOVEL GREEN METHOD FOR HEAVY METAL
STABILIZATION BASED ON SEWAGE SLUDGE ASH
RECOVERY
INTRODUCTION
The sludge is a by-product of all treatment plants. In Europe the production of sewage sludge is about 25
Kg/PE per year. In the south Europe (France, Italy and Spain) the reuse of sludge in agriculture is widely
applied. However, in the north Europe (especially Germany, Switzerland, Holland and Denmark) sewage
sludge incineration is becoming the dominant disposal route. The thermal treatment non only reduces
the volume of waste but also destroys the harmful substances and allows the thermal valorization. This
work proposes the complete recovery of sludge ash, obtained after combustion, for the stabilization of fly
ash, rich of heavy metals as Pb and Zn.
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MATERIAL AND METHODS
Two different sewage sludge ashes (SSA) were obtained by two European sewage sludge incineration
located in Germany and Netherlands. The Municipal Solid Waste Incineration fly ashes (MSWI) used in
this work are provided by an Italian incineration plant. The stabilization process involves also the waste
calcium hydroxide powders: Flue Gas Desulfurization (FGD). Different stabilized samples were obtained
1:1 ratio between solid and MilliQ water. After stabilization (with or without thermal treatment) the samples were left at room temperature for two months.
Leaching tests were performed to evaluate the samples stability.

RESULTS AND DISCUSSION
The activity of this work is based on the good results obtained in previous projects (COSMOS and COSMOS RICE) designed to reduce the heavy metals leachability in
MSWI. This work proposes a new method of heavy metals immobilization assessed by the use of SSA, as an amorphous silica source. The material characterization
reveals that sewage sludge, after thermal treatment, shows the presence of silica and alumina able to promote a stabilization mechanism, such as carbonation and
pozzolanic reactions. These reactions involved the reduction of the pH making the stabilization of heavy metals. The sludge ashes with the addition of other
industrial by-products can be used to improve the sustainability of the MSWI stabilization process, which suggests a novel and green method for heavy metals
remediation. Moreover, the new proposed method allows to produce new materials which can be used as filler in new sustainable composited materials.
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POLY-PAPER & SHOCK.PAPER: THE PLASTIC MADE
OF PAPER

INTRODUCTION
Polymeric materials, especially those used for packaging, have unresolved environmental sustainability
problems. This is because in many cases the packaging is made with more than one material (corrugated
cardboard, expanded polystyrene, polyethylene, etc.) and disposed of indistinctly or, even worse,
dispersed in the environment. PolyPaper represents a possible solution to these problems because it is
based on a circular economy model, developed using recycled paper, low cost raw materials and
production, environmentally sustainable and recyclable in the paper/cardboard chain.

MATERIAL AND METHODS
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PolyPaper is a composite material produced starting from polyvinyl alcohol matrix (powder) and, as filler,
cellulose fibers coming from recycled paper (used in a range between 30-60% w/w). It is produced by
direct extrusion of the "dry blend" mixture. PolyPaper is soluble in water, and has passed preliminary
tests of recyclability related to the Aticelca Test Method MC 501: 2017 European Standard EN 13430:
2004.

RESULTS AND DISCUSSION
The mechanical properties of PolyPaper can be modulated by varying the matrix-reinforcement ratios. The use of increasing percentages of cellulose fibers allows
to increase the mechanical resistance by more than 5 times and about 100 times the rigidity. By simply wetting the surface of PolyPaper with water, it is possible to
strongly weld it to itself, wood, corrugated cardboard. PolyPaper ability to become self-adhesive when wetted with water allows to obtain foams, named
ShockFoam, through a technology, named Water Shaping based on the wetting of pellets or filaments with water and shaping at room temperature and pressure.
The technology can be applied on different semifinished as: granules, obtaining compact structures with high energy absorption, or filaments, obtaining much more
elastic and deformable foams, to be used when it is necessary to absorb and dissipate lower energy levels. The foams made of granules have a very high capacity to
absorb energy, the foams made with filaments are able to elastically deform up to 95%, regaining shape over time after absorbing and dissipating energy. The
proposed combination of material and technology could represent a possible answer for the replacement of expanded polystyrene in the packaging sector, also
thanks to the recyclability of PolyPaper in the paper/cardboard chain.
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SESSION 5
The environment, the built
environment and the cultural heritage
conservation

AN EMPATHETIC ADDED SUSTAINABILITY INDEX
(EASI) FOR CEMENTITIOUS BASED CONSTRUCTION
MATERIALS
INTRODUCTION
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The construction industry is the largest consumer of natural resources and the Portland cement is not
environmentally friendly. The global production of Portland cement contributes around 5-7% of the total
CO2 emissions, CO2 being mainly responsible for global warming and climate change. The concept of
sustainable development in the concrete industry is not well defined and, currently, there are no models
capable of assessing the environmental footprint of cement-based materials from a holistic point of view.
In the scientific literature, two different categories of sustainability indicators can be found. The first ones
are simple and the compressive strength is considered as the main performance parameter. The indices
of the second generation are an evolution of the first. These take into account different parameters, but
they are not able to express the sustainability in its complexity. For this reason, a new Empathetic Added
Sustainability Index (EASI) was developed.

MATERIAL AND METHODS
The EASI is a new indicator that takes into account both the environmental impact of mixtures but also
the durability and the specific engineering properties required by the structure.

The “Environmental impact” is considered the main factor related to the eco-compatibility of the materials, it takes into account the GWP, the GER and the NRMC.
The “Performance” are selected depending on the specific application of the construction material. The “Durability” takes into account properties required for the
construction material depending on environmental exposure and potential deterioration of both mortars/concretes and steel reinforcements.

RESULTS AND DISCUSSION
According to EASI, three basic approaches to a sustainable use of concrete exist: the optimization of the composition of concrete regarding its environmental
impact while maintaining an equal or better performance and service life, the improvement of concrete’s performance at equal environmental impact at equal
impact and service life, and the optimization of service life of materials and building structures at equal impact and performance. A combination of the above
named approaches appears reasonable.
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STABILIZATION/SOLIDIFICATION TREATMENT
OF CONTAMINATED SEDIMENTS FOR MARINE SITE
REMEDIATION
INTRODUCTION
Among the management options of dredged materials, stabilization/solidification (S/S) can be, in some
cases, the most economically and ecologically sustainable treatment. It is based on adding binders to
dredged materials to immobilize the contaminants and improve mechanical behaviour of sediments. This
abstract shows the results of experimental investigation aimed to explore new alternatives for the
sustainable management of contaminated marine sediments of the Mar Piccolo basin, located near the
city of Taranto (South Italy).
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MATERIAL AND METHODS
Experimental laboratory investigation has been carried out on sediments contaminated by heavy metals,
PAHs and PCBs, to explore the sustainability of S/S with both traditional binders (i.e. Portland cement and
lime) and adsorbent materials (i.e. active carbon and organoclay). Several mixtures were prepared by
using different contents of reagents and an 0.8 water/dry matter ratio. For S/S sediment samples at
different setting times (i.e. 1, 7, 14, and 28 days) leaching tests were carried out (according to the EN standard 12457-2) for monitoring the progressive change of
leaching behaviour.

RESULTS AND DISCUSSION
The results of leaching tests showed that organic contaminants are not transferred to the eluate, while heavy metals are released with concentrations varying with
the reagents percentages. In general, the addition of binders and absorbents to the contaminated marine sediments shows positive effects on decreasing the
mobility of heavy metals. However, the adding of cement seems to increase the leaching of vanadium; whereas the adding of lime seems to increase the leaching of
copper. The results show that the leaching of metals of the different mixtures is proportional to the different concentrations of lime and cement. A greater
immobilization efficiency has been found for: 1) the mixture based on cement and activated carbon relative to the leaching of Arsenic, Cobalt, Nickel and Lead; 2)
the mixture based on lime, activated carbon and organoclay for the leaching of Chromium, Vanadium and Zinc. Therefore, the mixtures with adsorbent materials
allows the beneficial reuse of contaminated sediments after S/S treatment. However, to investigate the actual recovery potential of the S/S treated sediments, a
mechanical testing program needs to be carried out.
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LAYERED MATERIALS AS PROMISING TUNABLE
TOOLS FOR THE CLEANING OF SALT ENCRUSTATIONS
AND BIODETERIORATED SURFACES
INTRODUCTION
Icing is a serious problem in numerous applications. Specifically, icing of wind turbine blades decreases
their efficiency, forces equipment shutdown, and causes safety risks due to the potential for high-speed
projection of large ice fragments. Active de-icing solutions through resistance heating increase equipment
weight and complexity, cause energy consumption, and might trigger lightning strikes. The present
contribution summarizes significant results from the “HydroBond” FP7 EU project aiming to devise
passive anti-icing coating solutions which prevent ice accretion and/or reduce ice adhesion on wind
turbine blades.

Boccalon E1, Pica M2,
Romani A1,3,4, Casciola M1,
Nocchetti M2

1

Department of Chemistry, Biology and
Biotechnology, University of Perugia, Perugia, Italy
2

Department of Pharmaceutical Sciences,
University of Perugia, Perugia, Italy
3

National Interuniversity Consortium of Materials
Science and Technology (INSTM), Florence, Italy
4

Center of Excellence on Scientific Methodologies
applied to Archaeology and Art (SMAArt), University
of Perugia, Perugia, Italy

MATERIAL AND METHODS
Two layered materials, hydrotalcite (HTlc) and zirconium phosphate (ZrP), were synthesised in a creamlike form. The plain HTlc/ZrP paste was tested directly over a gypsum black crust grown on a marble
fragment. The paste was then mixed with polymers (i.e. polyvinylalcohol (PVA) and sodium alginate (SA))
to remove gypsum efflorescences reproduced on fresco mock-ups. Finally, HTlc supporting SA was used as filler in PVA-borax hydrogels containing silver
nanoparticles or essential oils to treat biodeteriorated stones. The cleaning efficacy of each system was monitored spectroscopically and by performing specific
biological analysis.

RESULTS AND DISCUSSION
The combination of wet ZrP and HTlc, used as cation and anion exchanger, shows a synergic effect on the dissolution of gypsum crusts covering marble and wall
paintings. The reaction happens quickly and the addition of SA induces the gelation of the paste in contact with the crust facilitating the peeling off of the pack and
avoiding undesired residues over delicate surfaces, like frescoes. Biodeteriorated stones can instead benefit from the stronger adhesion of the PVA-HTlc-borax
hydrogels which combine mechanical and chemical cleaning actions with significant results after five applications, each lasting 10 hours. The successful application
of layered materials on different surfaces to remove patinas of various nature classifies them as promising tools in the cultural heritage field. Absence of toxicity,
low costs and easy adaptability to the required situation, together with eco-sustainability, are among the features that contribute to raise the interest in the
exploration of the multiple possibilities offered by those materials. Even though these results are noteworthy, more effort is required in the future to achieve the
best cleaning performance in the shortest time.
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AN OVERVIEW ON THE MECHANICAL
CHARACTERIZATION TESTS FOR FRCM SYSTEMS

INTRODUCTION
Fabric Reinforced Cementitious Matrix (FRCM) systems represent a new class of materials widely used
today as repair and strengthening technology for concrete and masonry structures. The use of inorganic
matrices offers great resistance to high temperatures, a good compatibility with concrete or masonry
substrates and a certain vapor permeability. The thickness of these systems is generally comprised
between 5 and 15 mm.
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MATERIAL AND METHODS
The internal reinforcement is a unidirectional or bidirectional fabric made of carbon, AR glass, basalt or
PBO fibers. The inorganic matrix can be cementitious or lime-based, and is usually modified with organic
additives (less than 10%) to improve the adhesion to the substrate and at the interface between fabric
and mortar.

RESULTS AND DISCUSSION
The effectiveness of these systems, in addition to the mechanical properties of single components, it is strongly related with the bond properties at the interface
between fabric and matrix, as well as between the matrix and the substrate to be reinforced. For this reason, several mechanical tests have been proposed in the
literature (and some of them adopted by national guidelines) to characterize and qualify this kind of composite systems. Pull out tests on single yarns embedded
within the matrix are usually adopted to investigate the interface bond-slip relations and to define appropriate bond-slip law that allow the development of
analytical or numerical models, able to simulate the FRCM mechanical behavior and possible failure modes. Different configurations of tensile tests have been
proposed to study the tensile behavior of the composite, and to define the mechanical parameters to be used for design purposes. Single or double-shear bond
tests are used to evaluate the shear bond behavior of FRCM systems when applied to different types of substrates. Finally, macro-scale tests ca be carried out to
assess the effectiveness of these systems when externally applied on masonry or concrete elements to be reinforced.
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PERFORMANCE AND MICROSTRUCTURE OF ONEPART ALKALI ACTIVATED SLAG CEMENTS: EFFECT OF
ALKALI CONTENT
INTRODUCTION
Since the last decades, several environmentally friendly binders were investigated to manufacture green
mortars and concretes. Among these, ground granulated blast furnace slag (GGBFS) has been successfully
used to replace Portland cement in combination with alkaline activators in liquid form. Nevertheless, the
alkaline solutions are corrosive, viscous and hazardous. For this reason, the development of one-part
alkali-activated binders, where only a dry blend of precursors and activators in powder form is used in
addition to water, is needed. The aim of this research is to evaluate the influence of the alkali content
(Ac) on the microstructure and the performance of one-part alkali-activated slag pastes.
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MATERIAL AND METHODS
GGBFS as precursor and alkaline powder (sodium metasilicate, potassium hydroxide and sodium
carbonate) as activator were used to produce different pastes. Seven different AAS mixtures were
prepared by varying the Ac between 0% and 15% in order to investigate the rheological, microstructural and elasto-mechanical properties of slag cement-based
mixtures. The molar silica modulus (Ms) and the water/precursor ratio (w/p) of pastes were kept constant at 0.48 and 0.30, respectively. The effect of alkali content
is here investigated by employing various techniques such as X-ray diffraction (XRD), thermogravimetric analyses (TGA-DTA) and scanning electron microscopy
(SEM).

RESULTS AND DISCUSSION
The main crystalline phase identified by means of XRD and confirmed by using TGA-DTA was the calcium silicate hydrate gel (C-S-H). Peaks of hydrotalcite-type
phase were also identified when alkali content is greater than 0.0095. The non-evaporable water (NEW), a semi-quantitative indicator for the degree of reaction of
the slag, growing when the alkali content increases. SEM observation indicated that the increase of alkali content leads to a denser and homogeneous
microstructure of paste due to the higher reaction of slag. Furthermore, the alkali content strongly affects the workability, the pot-life and the specific mass of
pastes. In particular, high alkali content results in denser and flowable pastes characterized by a very short pot-life. Moreover, the mechanical properties of pastes
increase by increasing the activators content at relatively lower alkali content while is almost constant or slightly decreasing at relatively higher Ac.
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BIO-POLYMERS BASED FILMS CONTAINING
NATURALLY OCCURRING FILLERS AND ANTIOXIDANTS FOR CULTURAL HERITAGE CONSERVATION:
FORMULATION, CHARACTERIZATION AND DURABILITY
INTRODUCTION
In the last two decades the introduction of advanced naturally occurring polymer-based films for cultural
heritage conservation has gained great interest, because of their eco-sustainability and good protection
ability. However, the bio-polymers based films must be able to offer appropriate conservation and
consolidating efficiency, and obviously, they must not be alto to interact/react with the stone structures.
In this study the results of a research aimed at developing advanced bio-polymers based films, also
containing naturally occurring fillers and anti-oxidants, for cultural heritage conservation, are reported.
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MATERIAL AND METHODS
The bio-polymers films have been formulated based on naturally occurring Chitosan (Ch) and Pectin (P) at
ratio 50/50 wt./wt.%( Ch/P). Besides, Halloysite NanoTubes (HNT), without and with immobilized natural
anti-oxidant molecules, such as Quercetin (HNT/Q) and Vanylic Acid (HNT/VA),areadded to the Ch/P
blend in order to improve their mechanical and thermo-mechanical resistance and long-time durability. All Ch/P films without and with HNT, HNT/Q and HNT/VA
has been formulated through a solvent casting method, and their final composition is (Ch/P)/HNT = 80/20 wt./wt.%. The characterizations of Ch/P-based blends,
containing HNT or HNT/Q and HNT/VA, have been carried out through thermal, rheological and thermo-mechanical analysis. Besides, the durability of these films
has been evaluated in accelerated weathering conditions, using UVB-313 nm lamps.

RESULTS AND DISCUSSION
Ch/P blend (at ratio 50/50 wt./wt.%)shows a partial miscibility and the introduction of nano-fillers, such as HNT, has a beneficial effect on its overall morphology
and long-time durability. Really, in this study, the HNT in Ch/P blend have a dual role: first role is a physical compatibilizer for the bio-polymer blend components,
and second role is a carrier for the naturally occurring anti-oxidant molecules, such as quercetin (Q) and vanilic acid (VA), having good protection ability. The HNT,
HNT/Q and HNT/VA have well distinct compatibilizing, reinforcement and protection actions for Ch/P bled, and overall they play an important role for the
formulation of suitable and durable films for cultural heritage conservation. The work was financially supported by MIUR—Progetto di ricerca e sviluppo "AGM for
CuHe" (ARS01_00697).
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POLY(HYDROXYALKANOATE)s-BASED
HYDROPHOBIC COATINGS FOR THE
PROTECTION OF STONE IN CULTURAL HERITAGE
INTRODUCTION
Reversibility is a mandatory requirement for materials used in heritage conservation, including
hydrophobic protectives. Nevertheless, current protectives for stone are not actually reversible as they
remain on the surfaces for a long time after their hydrophobicity is lost and can hardly be removed.
Ineffective and aged coatings may jeopardise the stone re-treatability and further conservation
interventions. This paper aims at investigating the performance of PHAs-based coatings for stone
protection, their main potential being the ‘reversibility by biodegradation’ once water repellency ended.
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MATERIAL AND METHODS
PHB and PHBVV were kindly provided as experimental grades by Bio-on SpA (Bologna, Italy). The PHAs
coatings, as solutions in organic solvent, were applied to three different kinds of stone, representative of
lithotypes used in historic architecture: sandstone, limestone and marble. Spray, poultice and dip-coating
were tested as coating techniques. The effectiveness and compatibility of the protectives were evaluated in terms of capillary water absorption, static and dynamic
contact angles, water vapour diffusion, colour alteration and surface morphology. Wettability after application of two commercial protectives was investigated too.
Finally, samples were subjected to artificial ageing to investigate their solar light stability.

RESULTS AND DISCUSSION
Results showed that the molecular structure of the PHAs does not play a fundamental role, even if PHBVV usually gives rise to slightly better results than PHB.
Experiments demonstrate that the application method, together with the porosity of the stone, strongly influences the amount of polymer deposited on the stone,
and the effectiveness of the protective treatment as a consequence. Limestone, given its higher porosity, retains a higher amount of protective treatment than
sandstone; therefore, more significant improvement in hydrophobization is reached. Poultice causes a much higher protective uptake with respect to dip coating
and spray, in porous stones as in sandstone and limestone, with the uptake being maximum for the latter. In the case of marble, given its extremely low porosity, a
very limited uptake was observed for any protective and any application method, so improvements induced by the presence of the protective are limited. The PHAs
-based protective formulations generally give good results in terms of colour change and water vapour diffusion. Results demonstrated that PHAs can be purposely
used as a polymer basis for the development of protective coatings for different kinds of stone (sandstone, limestone and marble were tested), and their intrinsic
biodegradability in environmental conditions can be purposely exploited to generate temporary treatments that do not need any removal, which is an important
target for the protection of cultural heritage. Results showed that the molecular structure of the PHAs does not play a fundamental role, even if PHBVV usually
gives rise to slightly better results than PHB.
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MONITORING OF ATMOSPHERIC CORROSIVITY FOR
CORRODED SURFACES OF CULTURAL HERITAGE: ERBASED SENSORS FOR COPPER ALLOY OBJECTS
INTRODUCTION
Corrosivity sensors aim at monitoring environmental corrosivity. In order to be representative they
should be a close materic reproduction of actual surfaces of the objects to be preserved. The sensors
proposed so far for copper alloy artefacts are basically made of uncorroded alloys, while the real surfaces
usually present a more complex stratigraphy, due to the presence of corrosion layers, which can heavily
affect the corrosion behaviour of the material. The aim of the work was to develop new customized
sensors, taking into consideration not only the composition of the alloy, but also the corrosion layers
present over the surface.
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MATERIAL AND METHODS
The design of the sensors was optimised with the scope of reaching the best compromise in terms of
sensitivity, dimensions and representativeness of the real surfaces. A PBC (Printed Circuit Board) solution
has been selected for the first series of tests. Temperature compensation and measurement uncertainty have been also considered. Both uncorroded and precorroded sensors were realised. Artificial corrosion layers aimed at representing a series of corrosion products commonly found on cultural heritage surfaces.
Sensor were placed on a climatic chamber and their corrosion rate was monitored over time under different relative humidity conditions.

RESULTS AND DISCUSSION
The proposed geometry resulted suitable for pre-corroded sensors to be used for the monitoring of environmental corrosivity for degradeted surfaces of copper
alloy objects. However, the sensitivity was too low for uncorroded copper substrates. Data show that the presence of corrosion layers over the surface can deeply
influence the corrosion behavior of the material: corrosion rate was significantly higher in the presence of chlorides, but also in case of artificial patina of cuprite
(Cu2O). Some of the methods selected for the realisation of artificial corrosion layers caused a severe corrosion of the sensors and it would be advisable to test
further procedures allowing the realisation of similar corrosion layers with lower impact on the service life of the sensors. It is suggested to select the thickness of
the sensors depending on the surface condition that have to be represented in order to obtain the most suitable sensitivity and durability.
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PROPERTIES AND DURABILITY OF BLENDED ALKALI
-ACTIVATED BINDERS

INTRODUCTION
Alkali activated materials are promising binders. The nature of precursors and alkaline activators deeply
affects the microstructure, chemistry, performances, ecological and cost efficiency of this class of
materials. The lack of exhaustive activation models, standardized mix design and an insufficient
investigation on shrinkage behaviour, efflorescence, additives and durability prevent them from being an
effective and reliable alternative to Portland. The aim of this study is to develop mortars containing
blended alkali-activated binders using high amounts of industrial by-products and waste.
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MATERIAL AND METHODS
Sand/Binder ratio was kept constant and two Water/Binder ratio (w/b) were used. Mortars containing
blended binders with different fly ash, Metakaolin and slag fractions and activator solution formulations
were produced. The microstructures and reaction products were analized using Scanning Electron
Microscopy and X-Ray Diffractometry. Their durability in harsh environments, mechanical properties and
shrinkage has been evaluated according to standardized tests.

RESULTS AND DISCUSSION
Compressive strengths in the range of 35-90MPa after 28 days of curing at ambient temperature were obtained. Shrinkage values ranged between 8000 and 1900
microstrains. Durability tests were conducted to assess the acid and thermal resistance of the different mortars. They all showed good resistance in a solution of 5%
wt of H2SO4 also after 60 days of immersion, while they still retained the 60-90% of their initial mechanical strengths after exposure to thermal cycles up to 700°C.
Mortars showed mechanical properties development and shrinkage behaviour strictly dependent on SiO2/Na2O molar ratio and concentration of the activator
solutions, whereas w/b ratios mostly affected mechanical properties. Binders containing higher Metakaolin fractions required a more alkaline and concentrated
activator solutions to be activated. The use of Fly Ash improved the workability. The use of specific additives, the calibration of the composition of the activator
solutions and the proper selection of reactive powders and fractions allowed obtaining mortars with good mechanical properties and a satisfactory behaviour in
terms of shrinkage and durability.
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POLY-HYDROXYBUTYRATE (PHB) GREEN GELS FOR
THE CLEANING OF PAINTINGS: ADVANCES TOWARDS
SUSTAINABLE SOLUTIONS
INTRODUCTION
Sustainable and green restoration is mainly driven by the demand for safe products for the health of the
restorers and the environment. Recently, we have developed some innovative green gels which ensure
safety not only for the cultural heritage and the operator, but also for the environment. Indeed, they are
produced with renewable and biodegradable materials. In the present research, we verified the
effectiveness and safety of different formulations to remove various types of varnish from both paintings
and bronze statues. The gels have been also coupled with polymeric electrospun fibers to further reduce
the solvent uptake form the painting layer and to improve the handling of the gel during the application
stage and its removal after cleaning operations.
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MATERIAL AND METHODS
Poly-hydroxybutyrate (PHB) is used as green gelator able to form a gel-like system when mixed with
different solvents. γ-Valerolactone, ethyl lactate and dimethyl carbonate/ biodiesel mixture were used in
the formulation of the gels, according to the chemical nature of the varnish and/or coating to be removed.

RESULTS AND DISCUSSION
The PHB-based gels were applied for the removal of synthetic and natural varnishes from paintings, and wax and acrylic protectives from bronzes. The methods
were set up on standard mock ups and then validated on important case studies. The evaluation of the cleaning performances was performed considering the
varnish removal efficacy, the morphological alteration and the retention of solvent. To this aim, optical microscopy, FTIR microscopy, solid phase micro extraction
(SPME) coupled with, gas chromatography-mass spectrometry (GC-MS), and NMR relaxometry have been synergistically applied within an integrated analytical
protocol. The performances of the new products were compared to traditional solvents or dispersed in commercially available gels. The new gels were more
effective than traditional methods and may be used both on hydrophobic and water sensitive surfaces. Surprisingly, first tests on the combined gels with
electrospun polymers have shown that the coupled materials are even more effective than the gels alone. The proposed formulations can be considered of interest
for their use in the restoration field because they are safe for the cultural heritage, the operator and the environment.
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THE BIOCALCARENITE OF AGRIGENTO. A GREEN AND
ECO-COMPATIBLE TREATMENT BASED ON THE USE
OF AN AQUEOUS NANOLIME SUSPENSION
INTRODUCTION
Historical monuments are the precious signs of our past, vulnerable to an unavoidable deterioration,
especially by weathering. In particular, stone monuments in the “Valley dei Templi” of Agrigento are
made of biocalcarenite, considerably deteriorated due to weathering, salt crystallization but also to not
compatible intervention. This underlines the importance to find compatible and extensive treatment of
protection and consolidation, specifically studied for each kind of stone. An innovative, green and
compatible treatment is here proposed, able to restore the superficial cohesion and resistance of
degraded biocalcarenites. The treatment is based on the use of an aqueous dispersion of pure nanolime,
nCH. Kinetic stability, reactivity in the carbonation process and morphology of nanolime particles are
measured as well. The treatments efficacy is evaluated by porosimetric analyses (MIP), cohesion test
(STT) and drilling resistance measurements (DRMS).
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MATERIAL AND METHODS
CaCl2 and anionic-exchange resin (OH- form). The nCH particles are synthesized by our patented ion
exchange process, and characterized by XRD, TEM and FESEM. The stones characterization as well as the treatment effectiveness are evaluated by means of XRF,
XRD, STT, DRMS, MIP porosimetry and FESEM.

RESULTS AND DISCUSSION
nCH particles are pure and crystalline, with a high reactivity in terms of the carbonation process. By TEM, the nanoparticles are constituted of thin hexagonal
lamellas <20nm in thickness. The nanolime treatment produces a reduction of material removed from the surface up to 90%, and an increase in the drilling medium
resistance up to three times the original value. Moreover, treated samples have a reduction in open porosity up to 30%. The possibility of using aqueous nanolime
dispersions appears to be very promising in terms of the consolidation effect, as well as in terms of safety and health issues. A high reactivity of nCH, in terms of the
carbonation process, is obtained with respect to the commercial nanolime, leading to the formation of pure calcite. The new nanolime yielded very promising
consolidation effectiveness for all the biocalcarenites, increasing both the superficial cohesion and the drilling resistance. Moreover, the treatment doesn’t
significantly modify the stone porosity, so preserving the natural breathability of the stone.
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POSTER SESSION

CHEMICAL CHARACTERIZATION OF SLUDGE COINCINERATION IN MUNICIPAL SOLID WASTE
INCINERATOR
INTRODUCTION
The municipal solid wastes incineration (MSWI) generates lots of solid bottom (BA) and fly ash (FA). The
untreated MSWI-FA may release significant amount of potentially toxic heavy metals (HM), when they
are exposed to the leaching solvents. Therefore, FA characterization has been the main concern both for
environmental impact and potential health effects. This study investigates the HM leaching behaviors
from BA and FA collected in MWSI.

MATERIAL AND METHODS
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Three typologies of ashes were considered: BA, FA from boiler and FA collected on bag filters derived
from three lines with different sludge flow rate, 0, 2 and 4 t/h, respectively. Digestion: 0.25 g of each
powder was placed in a Teflon vessel and a mixed with 6 mL of HNO3 (≥ 65%), 2 mL of HCl (37%) and 2 mL
of HF (48%). CEM SP-D microwave was employed to perform the sample mineralization. The digested
mixtures were transferred to 50 mL flasks and de-ionized water was added to adjust the volumes. Leaching test: 20 g of each specimen was mixed with 200 mL deionzed water (ration 1:10), and mixed for 2 h at room temperature. The samples were filtered with a 0.45 μm pore membranes. TXRF analysis was employed for
elemental quantification in digested and leachable solutions.

RESULTS AND DISCUSSION
The results obtained from digested samples show that released elemental concentration is a function of the initial content of pollutants in the sample. Pb
concentration in FA from bag filters is higher compared to FA collected on boiler lines. In contrast, BA are composed mainly of Ca and Fe, while the release of other
metals in water is negligible. Cr, Ni, Mn and Ti were detected only in the digested solutions. TXRF analysis of received powders allows to classify the BA as nonpolluting ashes since metals release in aqueous solutions is in trace amount. In contrast, due to high concentration of leachable Pb and Zn, FA powders coming from
the bag filters require an adeguate treatment technology before proposing their recycling/reuse. Further studies, based on green and sustainable approaches, are
ongoing to test the stabilization of MSWI FA.
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EFFECT OF CROSSLINKING PROCESS PARAMETERS
ON THE RHEOLOGICAL BEHAVIOR OF A
POLYDIMETHYLSILOXANE
INTRODUCTION
The rheological behavior of a commercial silicone was studied during the curing process with a rotational
rheometer, to evaluate the effect of both curing temperature and heating rate on process kinetics and
final material properties. Such systematic characterization of the material has been performed as a
preliminary investigation of the curing process of the silicone that will be used for production of long fiber
reinforced elastomer composites.
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MATERIAL AND METHODS
Three material used in this work is a commercial bi-component PDMS (Sylgard184). Curing agent/
prepolymer ratios of 1:5, 1:10 and 1:20 were considered. Shear tests in oscillation were performed at 1
Hz, to measure the time dependency of the material’s storage (G’) and loss (G”) components of the
complex modulus. The adopted crosslinking process is described as follows: (i) PDMS components were
mixed at room temperature; (ii) a proper amount of material was poured to fill the 1mm gap between the rheometer plates (diameter=25 mm); (iii) during
oscillation the material was heated at constant rate from room temperature up to a certain curing temperature, kept there for four hours and cooled down to room
temperature. The process parameters examined are curing temperature and heating rate: different curing temperatures reached at constant heating rate and
different heating rates up to the same curing temperature were considered.

RESULTS AND DISCUSSION
As expected, after an induction time G’ and G’’ start to increase with different rates; at a certain point -which indicates the formation of a continuous network in
the polymer- they cross each other. Afterwards, the rate of G’ and G’’ decreases, and the moduli tend to a plateau. In tests at different curing temperature, the
higher is the temperature, the higher are crosslinking rate and G’ (at room temperature), suggesting an increase in the crosslinking degree. Consistently, in tests at
the same curing temperature, the final moduli values are not affected by heating rate. The interpretation of the curing kinetics requires a model currently under
investigation. At the same crosslinking conditions, increasing the amount of curing agent increases the crosslinking rate. However, maximum final G’ was reached
with the ratio of 1:10.
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INNOVATIVE ANTIFOULING COATINGS: AN
ECOSUSTAINABLE AND GREEN APPROACH

INTRODUCTION
The very high fuel consumption of vessels can be also ascribed to the marine organisms and algae derived
bio-fouling of ship hulls. To avoid this problem, the ship hulls are commonly coated with biocide paints,
based on the use of noxious biocide substances, i.e. organo-tin and organo-copper composites, with
consequent dramatic environmental concerns. Thus, eco-friendly amphiphilic coatings, characterised by
hydrophobic and hydrophilic moieties along the main hybrid poly-siloxane backbones, are proposed. The
innovative idea consists in the replacement of the fluorinate species, commonly exploited for the
formation of the hydrophobic moieties, with analogous long-alkyls, by the modification of a –OH-rich
hybrid polysiloxane resin, taking into account that the fluorinate specie are toxic.
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MATERIAL AND METHODS
Different formulations, based on hydrophobic and hydrophilic PEG-ilate moieties, introduced through the
silane and the polyurethane chemistry, respectively, were produced starting from a commercially available –OH-rich hybrid polysiloxane resin. The amphiphilic and
antifouling properties were demonstrated through the contact angle measurements and the adhesion evaluation of specific marine species and algae lines.
Ecotoxicity tests were carried out using the wild type photosynthetic green algae Chlamydomonas reinhardtii IL strain. Algal growth, photosynthetic activity, and
pigment content at specific incubation times (24-192 hours) were estimated. Uncoated, silicon and biocide coated supports, and plaster were used as references.
Algae growth and pigment content were evaluated measuring the cell culture absorbance at 750 and 652 nm, respectively, by spectrophotometer. Algae
photosynthetic activity was investigated by a Plant Efficiency Analyzer, recording the chlorophyll fluorescence induction curves (Kautsky curves).

RESULTS AND DISCUSSION
Amphiphilic and antifouling coatings were successfully obtained, revealing no citotoxicity. The antifouling properties were qualitatively demonstrated and a slight
negative effect on the algae photosynthetic activity was revealed. The amphiphilic paints did not influence the algae growth and pigment content production, while
biocide paint impacted on both these parameters. After 2-3 days the algae photosynthetic activity resulted inhibited in the case of biocide paint, whereas it was
comparable to the control for amphiphilic coatings. The cytotoxicity using different algae lines, microtox tests with Vibrio fischeri, and experiments on prototype
samples will be performed. This work has been financially supported by the European Community within the framework of the Life Project LIFE15 ENV/IT/000417
PAINT-IT.
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SYNTHESIS AND INVESTIGATION OF CROCONATEBASED DYES AS SMART ORGANIC COATING FOR
NOBLE METALS NANOSTRUCTURES
INTRODUCTION
Croconic acid is a cyclic organic molecule belonging to a family of compounds called oxo-carbon acids.
When this molecule is properly functionalized with donor moieties, the resulting croconates-based dyes
may exhibit an absorption in the NIR region of the electromagnetic spectrum. The enticing properties of
these dyes, if coupled with those of plasmonic nano-materials capable to absorb light in a similar spectral
region, can eventually result in the manufacturing of novel materials endowed with amplified NIRharvesting properties. The purpose of this research is the design, the preparation of a series of croconic
acid-based dyes whose scaffold has been properly modified with alkyl spacers (for example thiol-ending)
that allow the anchoring of these compounds on the surface of noble metal nanoparticles (NPs) and
nanorods (NRs).
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MATERIAL AND METHODS
Croconic acid was synthesized following the method reported by Fatiadi et al. As regards the synthesis of NPs, the Brust-Schiffrin method was followed, instead gold
NRs were synthesized with the Seed-Mediated Growth method.

RESULTS AND DISCUSSION
A series of bidentate benzothiazole-based croconates, N-functionalised with an alkyl chain ending with specific functional group for the subsequent coupling with
the noble metal nanostructure, were prepared using a convergent synthesis and fully characterized. These compounds are characterized by a sharp absorption
band centred at ca. 800 nm. Croconates absorption in the IR region can be tuned by varying donor moieties. Some experiments reported in the literature have
revealed that increasing the conjugation in the donor part of the croconic unit leads to a red shift in NIR region (~1000 nm). In future studies, conjugation of the
donor will be increased and the coupling between the organic unit and noble metal NPs and NRs surface will be studied.
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THERMALLY CONDUCTIVE PA6-BN COMPOSITES VIA
ADDITIVE LAYER MANUFACTURING

INTRODUCTION
Thermally conductive composites with electrically insulating properties are emerging materials for
thermal management applications, especially if they are processable via additive layer manufacturing
(ALM). These composites are generally made of a polymer matrix and highly thermally conductive
inorganic fillers such as boron nitride (BN). Their thermal conductivity depends on the thermal
conductivity, amount, shape, size and dispersion of the filler.
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MATERIAL AND METHODS
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Polyamide 6 (PA6)-boron nitride (BN) pellets were used to manufacture filaments for Fused Deposition
Modelling (FDM) and compression moulded samples. Pellets and filaments were characterized by density
measurements, melt flow index (MFI), thermogravimetric analysis (TG), differential scanning calorimetry
(DSC), tensile test and dynamic mechanical analysis (DMTA). PA6-BN samples were 3D printed (Zmorph).
The thermal conductivity of samples was measured by hot disk measurements. Microstructural analysis was performed by scanning electron microscopy (SEM).

RESULTS AND DISCUSSION
MFI decreases at increasing BN content whereas thermal stability increases as shown by TGA and DSC. The DMTA and the tensile tests showed that the addition of
BN leads to improvement of elastic modulus and a decrease of ultimate tensile strength and elongation. The 3D printed samples show an increased thermal
conductivity compared to neat sample but lower than compression moulded samples, due to the presence of porosity and poorly bonded 3D printed adjacent
layers as confirmed by SEM. Discussion In order to maximize the resulting thermal conductivity, the thermal interfacial resistances have to be decreased by
reducing the porosity and increasing the bonding of adjacent layers. Therefore, an optimization of 3D printing parameters is needed.
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ELECTROSPUN OXIDE MATERIALS FOR MONITORING
POLLUTION

INTRODUCTION
Nanoscale structured materials, characterized by novel physical and chemical properties, are gathering
great interest because of their manifold applications, such as in the sensing field. In this work,
chemoresistive sensors based on nanostructured zinc, indium and tin oxides for the monitoring of
environmental pollutants, e.g. carbon monoxide, were developed. Indeed, semiconductor metal oxides
based sensors, for indoor and outdoor monitoring pollution, are of widespread use due to their simplicity
of production, small size and low costs. In particular, one-dimensional structures were obtained by means
of electrospinning technique, a simple, inexpensive and scalable methodology that allowed continuous
preparation of polymeric fibres.
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MATERIAL AND METHODS
The production of sensing materials by electrospinning consisted in the preparation of a precursor
solution made by mixing the polymeric component, a solvent and the precursor of the oxide species. Then, in the spinning process, the application of an electric
field to a drop of the polymer solution on the tip of a spinneret provides the elongations of the drop and the deposition of continuous fibres over a collector. The
obtained fibres were thermally treated and finally tested as carbon monoxide sensors. Tests were carried out at different working temperatures and by varying the
gas concentration.

RESULTS AND DISCUSSION
The characterization of the synthesized materials, performed by means of complementary investigation techniques, allowed studying their morphology and crystal
structure. As evidenced, the as-spun fibres were replaced by structures with different morphology due to the partial or total degradation of the polymeric matrix
after the thermal treatment, necessary to promote the formation of the oxide phase. In detail, a nanocoral morphology was obtained for zinc oxide, characterized
by spherical particles distributed along branched structures; tin oxide exhibited a structure composed of agglomerates of spheroidal particles, named nanolotus;
indium oxide preserved instead the nanofiber structure. The influence that the different morphology of the oxides could have on the sensing processes of carbon
monoxide was highlighted. In fact, results showed how the novel morphology of the oxides, due to the electrospinning process, could affect the sensing
performances if compared to the same oxides obtained by the more conventional precipitation method.
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NITROGEN-RICH STAINLESS STEEL THIN FILMS
OBTAINED BY MAGNETRON SPUTTERING

INTRODUCTION
Reactive magnetron sputtering is a versatile tool for producing coatings on various substrates also at low
temperature. The use of stainless steel targets and different nitrogen-containing plasma mixtures allows
to obtain nanostructured coatings consisting of a wide range of single or multiphase layers. In the present
study, ferritic and austenitic stainless steels were used as targets and different coatings were deposited
by magnetron sputtering varying the relative volumetric nitrogen content in the treatment atmosphere.
XPS, XRD and electron microscopy analyses were employed to characterize the obtained samples.
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MATERIAL AND METHODS
AISI 316L and AISI 430 targets (diameter: 50mm; thickness: 1 mm) were obtained from mirror finish sheet
plates. As substrates, samples of 30x15x1mm obtained from the same sheets, glass and Si (100) wafer
were used. Coatings were deposited by magnetron sputtering (Korvus Technology HEX system with DC
and 13.56MHz RF sources) without bias, at different temperatures and with 0%,15% and 30% N2/Ar volumetric ratio. The film morphology was investigated by
electron microscopy, the composition was determined by XPS analysis and the phases were determined by XRD analysis using a constant 10° incidence angle
configuration. Preliminary corrosion behaviour was studied in 5% NaCl aerated solution at room temperature by means of the potentiodynamic method.

RESULTS AND DISCUSSION
The samples showed a mirror-like surface with a good adhesion to the substrate and uniform surface morphology. The coatings, having a uniform thickness of
about 500 nm, show a nanostructured columnar morphology with smaller grains at the interface. The nitrogen amount in the films increases as N2 content in the
atmosphere is higher. In the used conditions amorphous, nitrides and supersaturated phases, as the so called S phase, were obtained. The deposition temperature
influences the crystallite sizes and preferred orientations of the present phases. The corrosion tests, performed on selected samples, show that the nitrogen
containing films have an improved corrosion resistance. The incorporation of nitrogen in the film during the reactive plasma process stabilizes and leds to lattice
expansion of the austenite phase even using a ferritic target. Amongst the various phases produced in SS–N films by reactive sputtering, the S phase is the most
interesting since it provides a range of attractive mechanical and corrosion properties. This research was funded by Regione Toscana within Por Creo Fesr 2014–
2020, “Thin Fashion” project (CIP CIPE D55F17000240009).
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GREEN COMPOSITES BASED ON PLA AND OPUNTIA
FICUS INDICA NATURAL FILLER

INTRODUCTION
The rising concern towards environmental issues stimulated the interest of both industry and academia
on the development of green materials. PLA is one of the most widespread biodegradable polymers, due
to its renewability, cytocompatibility and good mechanical properties. However, adding lignocellulosic
fillers resulting from agricultural wastes could be a promising strategy in order to minimize production
costs and/or to tune some properties.
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MATERIAL AND METHODS
PLA 2002D was selected as a polymer matrix. OFI cladodes used in this study were ground to achieve two
different mean sizes, i.e. 75 μm-150 μm (labeled as A) and 150-300 μm (labeled as B). The biocomposites,
containing 10% or 20% of OFI-A or OFI-B, were prepared by melt mixing and further compression
molding. The materials underwent a full characterization involving density measurements, morphological
assay, image analysis, rheological measurements, tensile tests. Moreover, fillers were extracted from the matrix aiming to calculate mixing index and filler actual
aspect ratio after processing. Halpin-Tsai model was used to fit experimental data.

RESULTS AND DISCUSSION
Adding OFI-A and OFI-B to PLA led to stiffer materials (up to +30%), while slightly compromising tensile strength and stretchability. As regards the type of OFI, it
was found that the larger the filler size, the higher the stiffness increment and the more remarkable the brittleness, despite negligible differences detected in
degree of dispersion and final aspect ratio among the samples. Moreover, the system PLA/OFI-B displayed elastic moduli higher than those predicted by Halpin-Tsai
model. By coupling density measurements with mechanical data, it was found that the capability of the polymer to enter the empty channels of the filler, i.e.
“intraphase”, proved to be different depending on filler size and this feature, determining an additional contact area between fillers and matrix, likewise led to
elastic moduli higher than those predicted by Halpin-Tsai model. Finally, the outstanding stiffness of these novel biocomposites lets envisage a promising potential
for developing sustainable bio-based materials for several applications.
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DESIGN OF A NOVEL COMPOSITE 3D PRINTED
CRANIAL IMPLANT: AN INNOVATIVE PROMISING
STRATEGY
INTRODUCTION
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Polymethylmethacrylate (PMMA) is widely used in cranioplasty as a material for the reconstruction of
cranial defects. Commonly, it is obtained by in situ polymerization in form of a malleable paste to be intra
-operatively shaped to fit the patient's cranial defect contours. However, it presents a lot of
disadvantages: possible damages to the surrounding brain tissue, being the polymerization highly
exothermic, significant post-placement shrinkage, low mechanical properties with respect to bone tissue
and low osteointegration. In this work fused deposition modeling (FDM) was proposed as an alternative
promising approach to produce PMMA implants. CAD/CAM fabrication of customized implants can
reduce surgical time and blood loss and produce satisfactory cosmetic results. To overcome
osteointegration issues, an hydroxyapatite coating, the inorganic component of the bone matrix, was
deposited on PMMA to improve its osseointegration.

MATERIAL AND METHODS
PMMA disks (diameter of 10-20 mm, thickness 0.5-1.0 mm) were realized by FDM (Sharebot XXL). By using AutoDesk Fusion 360 software and Slic3r software it was
realized 3D model of disks and sent it to the printing machine as a .gcode file. Operative parameters were optimazed in order to identify optimal extruder and print
bed temperatures. HAp (Ca/P molar ratio of 1.667) coating of the disks was obtained by sol-gel dip coating, using calcium nitrate tetrahydrate and
tryethylphosphite as calcium and phosphorous sources, respectively, in ethanol:water mixture. Obtained materials were investigated, by infrared (FT-IR/ATR)
spectroscopy, X-ray diffraction (XRD) and scanning electron microscopy (SEM-EDS) in order to obtain informations about composition, crystalline structure and
morphology.

RESULTS AND DISCUSSION
PMMA disks were realized with homogeneous micrometric texture. XRD spectrum and FT-IR/ATR analysis of HAp powder showed typical hydroxyapatite peaks with
absence of other phases and the presence of the characteristic bands related to the vibrational modes, respectively. SEM/EDS images of the HAp coated PMMA
disks demostrated the formation of an almost homogeneous hydroxyapatite nanoparticles layer on the surface. The 3D printing of PMMA filament and the HAp
deposition on the printed supports were optimized. Future developments are aimed at verifying the mechanical properties of the HAp/PMMA systems, the
adhesion strength of the coating and their biological responsiveness. Acknowledgements: This work was supported by CRANIMA project “Impianti a base di
composite innovativi per applicazioni in CRANIoplastica: dall’elaborazione delle immagini tomografiche alla realizzazione del prototipo mediante Manifattura
Additiva”, financed by Lazio Region (Italy) in the context of Call POR FESR 2014-2020 "KETs"Tecnologie Abilitanti“.
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PREPARATION AND CHARACTERIZATION OF
POLYLACTIC ACID/SILICA AND POLYLACTIC ACID/
CLAYS BIONANOCOMPOSITE ELECTROSPUN SYSTEMS
INTRODUCTION
Electrospinning is a versatile process technology for the production of fibers ranging from nano- to microscale. In order to develop high performance electrospun systems, the use of nanofillers is achieving more
and more interest. In this context, silica (Si) and clays (Cl) are often used as fillers due to the possibility to
combine the advantages of polymeric materials, such as light weight and flexibility, and inorganic
materials, such as high mechanical strength, heat stability, and chemical stability. In this work, the
morphology of PLA/Si and PLA/Cl were evaluated on two different weight ratios: 99/1 and 95/5 wt/wt.

MATERIAL AND METHODS
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The nanoparticles were added to a solution of TCM/Ac (2:1 volume). PLA (10 wt% with respect to the
solvent phase) was then added to the mixture and completely dissolved by continuous magnetic stirring.
Nanofibrous mats were produced with a filler mass ratio equal to 1% and 5%. The nanofibers were
collected on a grounded rotary drum rotating at 10 rpm. The morphology of the materials was studied by
using a Scanning Electron Microscope (SEM).

RESULTS AND DISCUSSION
SEM images revealed that PLA showed the typical morphology of an electrospun material with smooth and homogenous fibers in the nearly-nanoscale and
randomly oriented. Fillers added at 1 wt% are well dispersed in the polymer matrix. Si caused a slight increase and Cl a slight reduction of the fiber diameter. PLA/Si
5 wt% fibers are characterized by a worst particles’ distribution and higher fiber diameters if compared with PLA/Cl 5 wt%. The different dispersion degree observed
at high filler concentration can be likely ascribed to the different affinity of the nanoparticles with both the polymer matrix and the solvent systems. The different
fiber diameter can be ascribed to the viscosity of the polymeric solution. Silica induced an increment of the viscosity and a consequent increase of the fiber
diameter. The lower fiber diameter observed for PLA/Cl nanocomposites can be ascribed to the reduction of the viscosity probably due to a degradation of PLA, as
already observed in other works.
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STUDY OF A POROUS MAGNESIA-BASED CEMENT

INTRODUCTION
A promising green alternative to Portland cement is reactive magnesia (MgO). MgO reacts with water to
form Mg(OH)2 that can carbonate. Hence this binder is potentially environmental-friendly. Recently, a
new hybrid organic-inorganic binder based on MgO, MgSO4 and vegetal flour (VF) was used for the
preparation of hemp-based composites. However, the setting behavior and the microstructure of the
cement matrix was never reported. This work was aimed to fulfil this gap.
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MATERIAL AND METHODS
MgO was mixed with water or a MgSO4 aqueous solution. Addition of VF was explored for both systems.
The resulting pastes were cast in molds followed by curing. Microstructural analyses were performed by
Scanning Electron Microscopy (SEM) and X-ray Powder Diffraction (XRPD) whereas total porosity (TP) was
calculated from apparent and real densities. Calorimetry tests were performed using a high-precision
thermometer and an insulated reactor.

RESULTS AND DISCUSSION
According to XRPD data, VF was amorphous whereas the MgO powder was composed of periclase (MgO) with traces of Mg silicates and Ca(OH)2. Calorimetry
measurements evidenced prolonged induction period for MgO hydration in the presence of MgSO4 and VF, the effect being more important in the presence of
both. Cured samples were mainly composed of Mg(OH)2 and residual MgO (XRPD data). Hydration with MgSO4 aqueous solution resulted in crystallization of
CaSO4·H2O. SEM images of the various systems following hydration evidenced different crystal habits of Mg(OH) 2. Hydration in water resulted in spherules whereas
lamellar crystals were formed when MgSO4 was present. Addition of VF lead to an increased total porosity, from 29% to 56%. A significant increase in the open
porosity of the cement matrix was observed when VF was added. In addition, the presence of MgSO 4 led to interlocking lamellar crystals. Increased porosity, and
hence permeability, in combination with lamellar crystals (high specific surface area) should positively affect the carbonation kinetics. Future work will be dedicated
to this issue and to the successive development of insulation boards based on the novel cement system.
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STUDY OF THE ROLE OF CAFFEINE IN VULCANIZATION
PROCESS OF RUBBER COMPOUNDS AS A
SUSTAINABLE PERSPECTIVE OF USING COFFEE
INDUSTRY
INTRODUCTION
Recently, a rubber industry challenge is to achieve sustainable production. Many efforts are devoted to
shift to recycling resources in order to reduce raw materials consumption. Vulcanizing agents like sulphur,
activators (ZnO used in combination with stearic acid) and accelerators are raw materials used in rubber
tire production. In order to increase the vulcanization rate, sulfenamides and Lewis bases, mainly
secondary and tertiary amines or guanidines, are widely used as primary and secondary accelerators,
respectively. Amines and guanidines act increasing the nucleophilicity of the sulphur atom attached to
the zinc in the sulphurating complex. Since caffeine is a Lewis base, its role in sulphur vulcanization of
rubber compounds was investigated as a sustainable perspective of using coffee industry by-products.
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MATERIAL AND METHODS
A batch of rubber compounds was prepared using a two-wing rotor laboratory Banbury mixer. Rubber
compounding ingredients were butadiene rubber, natural rubber, carbon black, ZnO, stearic acid,
sulphur, N'-phenyl-p-phenylenediamine, N-tert-butyl-2-benzothiazolesulfenamide (TBBS), 1,3-diphenylguanidine (DPG), caffeine. Compounds containing both single
and combined vulcanization aid were prepared. Curing characteristics were investigated by a Rubber Process Analyzer (RPA). Rubber compound sheets obtained by
means of a laboratory two-roll mill were vulcanized by hot pressing at 4000 Kg-force and 160°C for 15 minutes.Vulcanized samples were characterized by means of
Scanning Electron Microscopy.

RESULTS AND DISCUSSION
RPA analysis of prepared rubber compounds showed that caffeine addition to the compounds containing also the conventional accelerants leads to an increase of
vulcanization rate, without any effect on the rheological properties and on degree of crosslinking. Caffeine resulted an effective co-agent in decreasing the
vulcanization time (t90) in presence of TBBS and better in co-presence of TBBS and DPG, whereas caffeine alone doesn’t act as vulcanization aids. Such results can
be ascribed to the better caffeine dispersion degree in the compounds containing also the conventional accelerants.
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COMPOSITE NANOFIBERS FOR THE DETECTION OF
METALLIC IONS IN SOLUTION

INTRODUCTION
Heavy metals (HMs) water pollution is becoming one of the most important environmental problems
around the world. HMs have acknowledged so far, as a significant threat to human and environmental
health. Indeed, human exposure and intake of heavy metals occur through contaminated air, food and
water with the latter being the major cause of bioaccumulation in the human body, thus inducing cancer
and brain disease. Several measurement methods for HMs in water have been developed and many of
them are expensive and generally require long time analysis. In these regards, electrochemistry is an
alternative detection method that has been incorporated in low-cost sensors for trace metal analysis. The
present work is focused on the development for electrochemical sensing measurements able to capture
in a highly efficient, selective and not reversible way metallic ions from water.
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MATERIAL AND METHODS
Composite nanofibers of conductive polymers and carbonaceous materials were synthesized by the electrospinning technique, a simple, inexpensive and scalable
methodology that allowed the preparation of polymeric fibres. In particular, polyaniline and polyvinylpyrrolidone were used as polymers whereas graphite and
graphene oxide acted as additives. Different electrospinning conditions were experimented.

RESULTS AND DISCUSSION
The textural and structural properties of electrospun nanomaterials were deeply elucidated through several characterization techniques (SEM-EDX, TG-DTA, XRD).
As evidenced, the electrospinning process generated a compact mat and the as-spun fibres resulted uniform and continuous. Materials were tested for the
potential detection of Mercury (Hg), Cadmium (Cd), Arsenic (As), Chromium (Cr) and Lead (Pb). Preliminary experiments carried out on composite nanofibers
showed promising results regarding the electrochemical sensitivity and the selectivity of these materials for the determination of different heavy metals.
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CO-EXTRUSION OF MULTI-LAYER BIODEGRADABLE
FILMS FOR THE RELEASE OF NATURAL
ANTIMICROBIAL AGENTS
INTRODUCTION
Green composites based on biodegradable polymers and natural additives attract a significant interest for
developing eco-sustainable active packaging materials. Aim of the present work is the formulation and
characterization of multilayer and multicomponent biopolymeric films for active packaging.
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MATERIAL AND METHODS
PLA 4032Dand BioFlex® F2110 were selected as polymer matrices, Carvacrol (CRV) was chosen as natural
antimicrobial molecule, Dellite 72T (D72T) was used as nanofiller. The materials were prepared by coextrusion film blowing using two single-screw extruders (D=19 mm, L/D=25). The bilayer films were
composed by a PLA side coupled with a Bioflex side, each one containing 5 wt.% CRV and eventually 5
wt.% D72T. The morphology and structure of films were characterized by SEM analysis, FTIR
spectroscopic analysis, water contact angle measurements. Mechanical properties were assessed by
tensile tests, release behaviour was evaluated by UV-vis spectroscopy. Biodegradability of the samples was studied at pH=4, pH=7 and pH=10.

RESULTS AND DISCUSSION
Mechanical analysis pointed out that co-extruded PLA/Bioflex films possess tensile properties intermediate between those of the two polymers. CRV addition, while
enormously increasing the interlayer adhesion, led to a slight worsening of mechanical performance of PLA, while resulting in a notable enhancement of those of
Bioflex. D72T was shown to enhance mechanical properties of all the samples and to increase loading efficiency of CRV while providing a more controlled release
kinetics, thus limiting burst effect. Degradation tests confirmed that weight loss in the samples was observed only under alkaline conditions. Adjusting the
formulation of multilayers enabled modulating degradation kinetics, with mass loss ranging from 50% to 90% after 900 h, depending on formulation. Due to the
higher processing temperature, PLA films showed a lower CRV loading efficiency, with obvious repercussions in toughness and release behaviour.D72T was found to
protect CRV from volatilization/degradation during processing, thus synergistically operating with CRV in PLA toughening. Bioflex showed higher loading efficiency
of CRV, whose dose level and release kinetics can be tuned by integrating D72T.Rigid D72T, in fact, acted as reinforcing agent, while its lamellar structure forced
CRV molecules to follow a more tortuous path that hindered their fast release.
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HOST-GUEST CHEMISTRY OF CALIXARENEDECORATED METAL NANOPARTICLES

INTRODUCTION
Self-assembled monolayers are organic assemblies formed by the adsorption of molecular constituents
from solution or the gas phase onto solid surfaces. When the organic monolayer is self-assembled on the
surface of a pseudo-spherical inorganic core, the resulting nano-sized structures are usually indicated as
ligand-stabilised nanoparticles (NPs). The most important feature of these small size organic-inorganic
hybrid materials is the possibility to couple the unique and tunable properties of their inorganic core,
with the chemistry of the protecting organic ligand. In the last three decades, nanoparticles bearing in
their organic monolayer either natural or synthetic receptors have been synthesised and employed to
study the supramolecular aspects of the monolayers as multivalent hosts or as new building blocks for
self-assembly processes. These findings could finally prompt the manufacturing of nanoscale devices with
potential applications as sensors, waveguides, switches and for the preparation of novel functional
materials. In this field, defined by Fitzmaurice as hetero-supramolecular chemistry, calixarene derivatives,
are also assuming an increasing role as functional protecting layers of nanoparticles.
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MATERIAL AND METHODS
In this perspective, this contribution will describe our more recent results that regard the synthesis and host-guest properties of calixarene-capped NPs. A
systematic investigation of the abilities of very stable calix[4]arene-protected 3-nm silver nanoparticles (AgNPs) to act as multivalent receptors for a series of 5-nm
gold nanoparticles (AuNPs) bearing 1-(11-mercaptoundecyl) pyridinium units in their monolayer.

RESULTS AND DISCUSSION
A series of 5-nm AuNPs (NP1–NP5) having a mixed organic monolayer composed by the pyridinium thiolate ligand and 1-dodecanethiol (C12SH) in different ratios
were prepared through ligand-place exchange reactions in toluene from 5-nm tetraoctylammonium bromide-stabilized AuNPs (NP-TOABr). Very stable calix[4]arene
-functionalized AgNPs NP7 were synthesized by mixing a DCM solution of dodecanethiol-capped AgNPs NP6 with a DCM solution of a thiolate calix[4]arene
derivative. All prepared NPs were purified through precipitation and ultracentrifugation methods and fully characterised by using transmission electron microscopy
(TEM), UV-visible and X-ray photoelectron spectroscopy (XPS). The size distribution of NP1–7 was determined by HAADF-STEM analysis taken after the casting of
solutions of each prepared NP on the TEM grid. Recognition-induced aggregation experiments between the AuNPs loaded with the pyridinium units (NP2–5) and
the AgNPs functionalized with the calix[4]arenes (NP7) were carried out in a 95:5 CH2Cl2/MeOH solution and monitored by UV-Vis spectroscopy and DLS
measurements.

P_1_15

INJECTION REACTIVE PA6 MOULDING: EFFECT OF
MOULD TEMPERATURE ON POLYMER
CHARACTERISTICS
INTRODUCTION
Composite materials have gained great attention in many industrial fields, such as automotive, aerospace
and aeronautical. The addition of glass or carbon fibres to polymer matrices allows the improvement of
mechanical properties, keeping weight at lower values compared to metal manufactures. Traditionally,
thermoset polymers are used as matrices thanks to their mechanical properties and also easiness of
textile impregnation before curing process. However, thermosets are not recyclable. As a consequence,
thermoplastic matrices develop as a valuable alternative. Nylon 6, in particular, seems to be an optimal
polymer because of its cheapness, very good impregnation deriving from monomer reaction process and
good properties. The aim of this work is an in-situ polymerization of Nylon 6, analysing the influence of
processing parameters on Nylon 6 properties.
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MATERIAL AND METHODS
PA6 polymerization is performed starting from caprolactam, an activator (solid solution of a caprolactam
blocked isocyanate in caprolactam) and a catalyst (solid solution of sodium caprolactamate in
caprolactam). Products (Addonyl CR) are provided by Lanxess.

RESULTS AND DISCUSSION
Two mixtures, composed by caprolactam, catalyst and activator, are dried at 40°C for 30 minutes under argon atmophere. They are molten at 80°C, degassed under
stirring and transferred in the mixing unit with low viscosity. The reactive mixture is transferred in an aluminium mould, containing a dog-bone specimen shaped
mask, at the desired polymerization temperature. Once the filling is complete, the reaction is given 10 to 30 minutes to reach the maximum conversion, then the
mould is cooled and the material is demoulded. The influence of mould temperature on PA6 properties has been evaluated with tensile tests and DSC. In fact, a
correlation between mechanical properties, macromolecular length and reaction temperature can be extrapolated. Indeed, Nylon-6 specimens have been produced
at various mould temperatures, then physical and mechanical properties will be revealed by DSC and tensile test.
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PROCESS FOR THE DISPOSAL OF SEWAGE SLUDGE
FROM CIVIL AND/OR INDUSTRIAL WASTEWATER AND
INERT SOLID MATERIAL OBTAINED FROM
COMBUSTION ASH
INTRODUCTION
In recent years, the problem of the treatment and disposal of sewage sludge from civil and/or industrial
wastewater has become a very important role at national and international level due to the large
production of sewage sludge and the increasing of the number of sludge treatment plant. For these
reasons, new sludge management technologies are widely requested as alternative to the landfill. The
new method, recently patented, concerns the stabilization of ashes derived from the combustion of
sewage sludge (SS) or co-combustion between municipal solid waste (MSW) and SS. Moreover, the
invention provides the use of the inert sample as filler in new sustainable composited materials.
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MATERIAL AND METHODS
The stabilization method was obtained by a homogeneous mixing of water, ashes derived from
combustion and waste materials containing at least one hydroxide selected from an alkali or alkaline
earth metals. After the stabilization (with or without thermal treatment) the compound was left out at
room temperature for different months. The by-products involved in the inertization process are: Flue Gas Desulfurization (FGD), Coal Fly Ash (CFA) and Bottom ash
(BA).

RESULTS AND DISCUSSION
The ashes derived from sewage sludge combustion are characterized by phosphates, silica and alumina. In particular, silica involved the absorption of metallic ions
on its surface. The phosphates produce the stabilization of heavy metals, while alumina and silica are responsible of pozzolanic reactions. Leaching tests were
performed on several stabilized samples. The results reveal the immobilization of heavy metal on the solid material. The sludges ashes with the addition of different
by-products can be used for the stabilization of heavy metals. Moreover, the invention regards the reuse of the material obtain after stabilization. It can be use as
filler in new sustainable composited materials.
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ECOAT: INNOVATIVE AND SUSTAINABLE BIO-BASED
COATINGS FOR BIOBASED PRODUCTS

INTRODUCTION
The concern for plastic waste accumulation in the environment has promoted the research versus
sustainable alternatives to those products, whose collection and recycling are difficult. Hardly recyclable
plastic based multi layers materials can be replaced by fully compostable multi-layer plastic or by highly
biodegradable cellulose based materials. Cellulose is the most available renewable material on Earth and
it would be beneficial for environment to use it like packaging in consumer products. The hydrophilicity
and the low gas barrier properties make the cellulosic materials not suitable for some applications. In
these cases the use of a plastic film onto cellulose packaging is necessary. Bioplastic based products need
as well to be improved in terms of barrier and functional properties. Development and application on
cellulosic and bioplastic substrates of biopolymers instead of the petro-based polymers ensure the
biodegradability of the packaging with a more sustainable end of life. The selection of biomolecules from
underutilized biomass to develop new biobased coating materials to improve the performance of
cellulosic and bioplastic packaging is the main aim of the ECOAT project, funded by the Bio Based
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Industries Joint Undertaking under the European Union’s Horizon 2020 research and innovation programme under grant agreement No 837863.

MATERIAL AND METHODS
Bio-additives such as: cutin, proteins or chitosan and chitin will be extracted from agro-food by products. These molecules will be applied directly onto the
packaging surface. If the adhesion of the coating results to low, the surface modification of packaging or the blending between biomolecules and polymers for the
production of the packaging will occur.

RESULTS AND DISCUSSION
The purpose of ECOAT project is to develop three main products: antimicrobial and antioxidant coating based on chitin and chitosan for personal care products,
water repellent and water vapour barrier packaging based on cutin for tableware and disposable products, protein-based barrier adhesives for multilayer food
packaging. Innovative properties of ECOAT materials will be tested and Life Cycle Assessment studies will be conducted to verify the minimized environmental
impact of the products. ECOAT project will not only provide solutions to meet the constantly increasing consumer demand for more sustainable products but it will
be also in line with many initiatives (national and European) for improving the sustainability in various sectors of European economy. The project sets its activity in
the frame of the Circular Economy Package which strongly promotes the innovative use of co-products, side-products, residual streams and bio-waste to obtain
value-added bio-based chemicals and materials to address specific market demands.
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SOLUTION PROCESSED NANOSTRUCTURED
MATERIALS FOR FUNCTIONAL APPLICATIONS

INTRODUCTION
Solution processing is a rapidly growing area in the field of materials science owing to the potential to
reduce production costs of high-quality thin films and bulk materials at relatively low temperatures.
Among the different wet chemistry techniques, sol-gel chemistry is probably the most used for the
realization of nanostructured materials. In this paper, we present two different applications of sol-gel
film. Silk fibroin, the protein extracted from the silk fiber, has been used successfully during the last few
years as a platform for optics and high tech application with performances comparable to that of the
other polymer used in optics.
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MATERIAL AND METHODS
To increase the performances of silk as a material for optics and bio-photonics the refractive index is the
most important parameter. Here we report on the synthesis of easy tailored refractive index
nanocomposite made of silk and sol-gel titanate nanosheets, which are 2D crystals of sub-stoichiometric
TiO2, with high refractive index, and small size that prevents scattering. With such nanocomposite film, we realized structurally colored multilayer film, which can be
considered a Bragg reflector, with humidity-responsive optical properties.

RESULTS AND DISCUSSION
The multilayer showed a reversible color change when exposed to different relative humidity, and good performances in term of reproducibility and stability over
time. Hydrophobic coatings obtained by sol-gel chemistry were used for increasing the efficiency of heat transfer in two-phase heat exchanger. It is possible to
increase the heat transfer coefficient by several times, substituting the classic film wise condensation (FWC) with the dropwise condensation (DWC). We developed
sol-gel hydrophobic coatings based on alkoxysilane modified with hydrophobic groups for DWC demonstrating their efficiencies in improving the thermal heat
transfer coefficient.
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BIOnTOP: INNOVATIVE MATERIALS BASED ON PLA
FOR SUSTAINABLE PACKAGING

INTRODUCTION
Most plastic packaging has deficient end of life (EoL) options leading to a large burden on the
environment and depletion of often used non-renewable resources. Indeed, many food packaging use
multilayer structures to meet required performances but those are currently very difficult to recycle.
Polylactic acid (PLA) is currently the most affordable bio-based and biodegradable plastic but its
biodegradability is not granted in every environment. Using sustainable sourced comonomers, additives
and fillers to formulate novel PLA copolymers and compounds, BIOnTOP project, funded by the Bio Based
Industries Joint Undertaking under the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 837761, will deliver recyclable cost competitive packaging
solutions.
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MATERIAL AND METHODS
Innovative PLA based materials will be produced through copolymerisation with selected diacids, reactive
extrusion with specific additives that enhance the biodegradation potential, as well as formulation of blend with natural fillers from agro-wastes to speed up
disintegration. Protein-based coatings and novel fatty acid (FA) grafting will be used to enhance the barrier properties of the bioplastic in view of promoting the use
of more sustainable multilayer packages.

RESULTS AND DISCUSSION
The best EoL scenario will be selected for each BIOnTOP material. Near infrared (NIR) and hyperspectral imaging (HIS) will be used to assess the correct sorting of
new bioplastic towards either organic or material recycling streams. Up to 7 different type of packaging materials will be improved to demonstrate the broad
potential of BIOnTOP materials. The possibility to reprocess or compost the new materials will create a new bio-based value chain complying the EU commitment
to circular economy. The main goal of BIOnTOP is to deliver novel bio-based biodegradable packaging based on versatile copolymers and coatings that optimally
preserve the packed products but also our resources (recyclable packaging based on significantly >85% renewable resources, partly produced from by-product
biomass). The different conversion processes as well as post-consumers waste sorting and recycling will be upscaled following advanced industry 4.0 approaches.
Based on tailored PLA formulations and removable barrier or monomaterial coatings, BIOnTOP packaging will be compatible with a broad range of packaging
applications’ requirements but also multiple EoL options.
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COMPOSITE MATERIALS BASED ON (CYMENE)RU(II)
CURCUMIN ADDITIVES LOADED ON POROUS CARBON
ADSORBENTS
INTRODUCTION
Alternative composite materials with antibacterial activity have been developed by combining the
porosity of carbon adsorbent materials and the antibacterial activity of half sandwich (cymene)Rucurcumin complexes. Different types of activated carbon (AC) were used, from commercial to synthetic
and also ones derived from agricultural waste residues (almond shells), to study the influence of their
physicochemical properties. The combination of low soluble Ru complexes with high porous carbon
materials prevents leaching into solution and leads to new composite materials with high porosity, high
adsorption capacity, and efficient antibacterial activity.
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MATERIAL AND METHODS
Three carbon materials were selected as supports for this study. The first carbon material was prepared
from almond shells by direct activation in CO2 flow at 1123 K for 5 h. The second is a carbon aerogel
produced by polymerization of resorcinol and formaldehyde using Na2CO3 as polymerization catalyst and
carbonized at 1123 K for 5 h in N2 flow. The third carbon support is a commercial AC, purchased from Merck and used as reference material. The antibacterial
composite materials were prepared by impregnation of complexes (1% with respect to the carbon support) to the carbon surface. After impregnation, the
composites were maintained at room temperature for 24 h and then dried at 120 °C in a conventional furnace.

RESULTS AND DISCUSSION
In the obtained composite materials, the Ru complex is homogeneously distributed and strongly interacts with the carbon surface preventing leaching. After
impregnation, all AC samples retain high volume of pores and surface area, being blocked mainly at the narrowest micropores. All undoped carbon samples have a
strong interaction with E. coli, showing a high ability to adsorb bacteria and inhibiting the development of biofilms. Nevertheless, bacteria die after contact with the
Ru doped composites and, in general, the surface of the doped carbon samples remains free of bacteria, even after exposure for days at high concentrations of
bacteria in solution. These results indicate a high antibacterial efficiency (high bacterial adsorption capacity and enough toxicity by contact) and provide good
perspectives for their use in air filters or aqueous treatment applications.
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INFLUENCE OF THE PROCESSING PARAMETERS ON
THE MECHANICAL AND MORPHOLOGICAL
PROPERTIES OF PETG AND PLA 3D PRINTED BACK
BRACE FOR MEDICAL APPLICATIONS
INTRODUCTION
Building end-use functional parts, like back brace for medical applications, with additive manufacturing
(AM) technologies is a challenging task. Several factors influence their surface finish, dimensional
accuracy, mechanical properties and cost. FDM is one of the most widely used 3D printing technologies
that uses thermoplastic wires as the material. Printing parameters greatly influence mechanical
properties, surface finish and cost. The aim of this work is the characterization of polylactic acid (PLA) and
polyethylene terephthalate glycol (PETG) 3D printed part in order to optimize the printing process.

MATERIAL AND METHODS
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Building end-use functional parts, like back brace for medical applications, with additive manufacturing
(AM) technologies is a challenging task. Several factors influence their surface finish, dimensional
accuracy, mechanical properties and cost. FDM is one of the most widely used 3D printing technologies that uses thermoplastic wires as the material. Printing
parameters greatly influence mechanical properties, surface finish and cost. The aim of this work is the characterization of polylactic acid (PLA) and polyethylene
terephthalate glycol (PETG) 3D printed part in order to optimize the printing process.

RESULTS AND DISCUSSION
FDM printed parts presented different mechanical behaviour depending on the building orientation. In terms of elastic modulus PETG and PLA showed similar
behaviour if tested along fibres direction. Printing speed and layer thickness do not have great influence on mechanical performance both for PLA and PETG. The
elastic modulus (E’) for PETG and PLA printed part are 1489,93±39,05 MPa and 1358,17±54,21 MPa respectively. However, the two polymers exhibit different
behaviour in term of elongation at break (εr) that are 211,00±11,00 for PETG and 17,77±4,90 for PLA. Morphological analysis reveal good surface finish for the PETG
samples and optimal cohesion between fibres. While PLA showed worse surface finish with a discontinuous interface between the layer. Results showed that FDM
parts presented different mechanical response depending on how the layers were placed regarding the direction, of the load. Mechanical characterization and
Morphological analysis reveal that PETG parts showed better elongation at break and good interface between layers and so it is possible to conclude that is the best
materials for the realization of back brace for medical applications.
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A NEW METHOD FOR STABILIZATION OF MUNICIPAL
SOLID WASTE INCINERATION FLY ASH: THE PILOTPLANT
INTRODUCTION
The new proposal method for stabilization is a part of the Rendering project, which provides the use of
the pilot-plant to stabilize the ashes in the same place where they are produced. This MSWI fly ash was
obtained from the co-combustion of sewage sludge together with municipal urban solid waste. The
stabilization method provides the use of only waste and by product materials (such as refuse ashes for
the stabilization of MSWI fly ashes).
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MATERIAL AND METHODS
In order to follow the procedure that have been realized in laboratory with the same conditions there is a
pilot plant that is realized in order to make the stabilization of at least 100 Kg of fly ash. The pilot plant
employed for this work consists of four separate parts: a unit of storage and handling for powders and
liquids, a mixing unit, a dosing powder and liquid units/control panel, and a sludge washing unit. The
procedure consists by mixing all the ingredients with water at the room temperature. The mixture has been left at room temperature for one or two months. After
this time a leaching test has been made.

RESULTS AND DISCUSSION
The elemental composition of the MSWI fly ash and that of stabilized material was obtained by TXRF analysis. The results obtained from the standardized
laboratory tests might differ from those extracted from real scenarios as some important factors may not be taken into account in the laboratory. The results
obtained shows that the sample, produced at the pilot plant, is stable in comparison to MSWI fly ash, though many properties related to system size can change in
a nonlinear way, with an increase in the experimental scale. The stability of the obtained material was investigated by the evaluation of the pH dependency of
metal leaching.
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ELECTROSPUN NANOCOMPOSITE FIBERS LADEN
WITH BACTERIOSTATIC AGENTS

INTRODUCTION
Airborne pathogens represent a major cause of disease transmission in built environments. Therefore, it
is important to control indoor airborne microbes for occupational safety and public health. Aim of this
work is to fabricate a non-woven filtration device composed of nanocomposite fibers laden with
nanoantimicrobials for personal or collective protective equipment. As such, the filter has a double
blocking action against microbes: mechanical and bacteriostatic.
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MATERIAL AND METHODS
Composite nanofibers were fabricated by means of electrospinning technique starting from a
homogenous dispersion of Cu nanoparticles into a solution of the chosen polymer in organic solvent. Cu
nanoparticles were synthesized by sacrificial anode electrolysis technique. Different polymers - i.e.,
polycarbonate (PC) and polystyrene (PS) - were chosen as the supporting matrix. A rotating collector
setup was used in order to obtain either random or aligned fibers by adjusting its rotating speed in the 100-2000 RPM. Nanofiber morphology was characterized by
Transmission Electron Microscopy, while mechanical properties were assessed by uniaxial tensile testing. Bacteriostatic assays were also performed to prove the
antimicrobial properties of the material.

RESULTS AND DISCUSSION
Electrospun composite nanofibers with a homogenous distribution of Cu nanoparticles were successfully fabricated using PC and PS as supporting matrices.
Morphological analysis confirmed the presence of the Cu nanoparticles both inside outside the fiber surface. As expected, the presence of the nanoparticle loading
widely affected the mechanical properties of the electrospun fibers in terms of yield strength and elongation at break. The results of the bacteriostatic assay show
that Cu nanoparticles reduced bacterial growth on the filter. Future work will focus on nanosafety issues, in order to prove that the Cu nanoparticles are stably
anchored to the polymeric matrix and are not released during operational conditions.
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PHYSICAL VAPOUR DEPOSITION (PVD) VERSUS
ELECTROCHEMICAL DEPOSITION: AN ANALYSIS ON
THE TWO PROCESSES PERFORMED BY MEANS OF A
CHEMICAL PHYSICAL CHARACTERISATION OF THE
THIN FILMS
INTRODUCTION
The study presented is a part of the Regional POR CREO - FESR 2014-2020, project “THIN FASHION”
performed activity. Morphological characterization, surface analysis and corrosion resistance
measurements have been carried out for thin films obtained by Physical Vapor Deposition. It has been
observed how crucial is an excellent knowledge of basic PVD techniques and surface characterization
techniques such as AFM (Atomic Force Microscopy) and SEM (Electronic Scanning Microscopy) in-situ and
ex-situ for reaching the objectives of the project. The goal is to drive PVD to produce coatings with
surface finishing characteristics (e.g. color, roughness, corrosion resistance) comparable to electroplating.

MATERIAL AND METHODS
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Several different objects, part of a white-gold luxury accessories collection, produced by PVD
methodology in one of the companies participating to the project were deeply analysed by using AFM, SEM, Reflectance and Corrosion tests.

RESULTS AND DISCUSSION
Thin films made by PVD were compared with the corresponding objects produce by electrochemical methods. The thickness, the color, the morphology and
composition of the deposit were analyzed and compared between the two series of items obtained with different methods. By analyzing the mechanical strength,
corrosion, costs, optics and visual appearance it was attempted a final summary of the advantage and disadvantage of the two different methods and it was
prepared a second round of investigation on the same objects of the pink-gold collection. According to our investigation, PVD in many of the investigated cases
produces surface finishing comparable to electroplating, particularly in the most demanding parameters that are color palette and reflectivity. All the authors
acknowledge support from Tuscany Region in the framework of the POR FESR 2014-2020 – Tecnologie al plasma per l'industria del lusso: una manifattura
innovativa nel comparto accessori in ottica 4.0 - THIN FASHION - project.
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ACETATE CELLULOSE AS POLYMER FOR SEED
COATING APPLICATION

INTRODUCTION
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Seed coating is necessary for those application contexts in which the seeds risk not germinating due to
the presence of pests and/or unfavourable conditions, such as chemical herbicide contact. In this context,
the simultaneous presence of the herbicide and seeds makes the seed coating necessary to avoid seeds
death. This work proposes the evaluation of the use of cellulose acetate as insoluble polymer for seeding
in the presence of water-based herbicides. The correlation between different properties of cellulose
acetate (pure or plasticized with cardanol) and the seed germination rate have been analyzed. Another
aim of the study is to reuse waste cellulose acetate (e.g. cigarette filters) for bioactive coating fabrication.

MATERIAL AND METHODS
Cellulose acetate membranes and coatings have been prepared by solvent evaporation method (in
acetone) at different percentages of cardanol (0-50%). Coated seeds have been observed at SEM to
evaluate the quality of the coating and tested for germination in different substrates at controlled temperature and humidity. Subsequently, membranes with the
same composition of the coating were tested mechanically and thermally after being subjected to the same environmental conditions of the coating to evaluate
their degradation, water absorption and residual properties.

RESULTS AND DISCUSSION
Σr and εr seem to be the main material’s parameter affecting the germination properties, while the presence of cardanol improves εr and decreases σr. Degradation
of the acetate cellulose membranes properties (in particular σr and εr) are related to water absorption (measured through DSC analysis) and therefore accordingly
also the germination rate. Coatings with the ratio cellulose:cardanol 70:30 to 50-50 give the best results in terms of germination compared to the other coatings.
The coating process seems to not affect the vitality of the seeds. Germination rate is influenced by mechanical properties, in particular, for higher σr values the
germination rate is lower. Water absorption is related to cellulose acetate degradation and to lower residual mechanical properties. The right composition to obtain
the right degradation rate and right σr at germination time, can be found and set up and represent the next research steps.

P_3_5

DIRECT METALLIC COVERING FIBER PROCESS: FIRST
STUDY AND PRELIMINARY APPROACH

INTRODUCTION
Replacing steel with light materials in transport would result in lower fuel consumption and therefore less
CO2 emissions into the atmosphere. Metals like aluminum and magnesium have a specific weight that is
much more inferior to commonly used steels, but also poor mechanical properties. For this reason, the
need arises to reinforce the metal matrix with the introduction of fibers. Nowadays, attention is being
focused on reinforcements of natural origin in order to reduce the environmental impact of nonrecyclable materials. Basalt, is an effusive rock of volcanic origin with excellent mechanical and thermal
resistance properties, is becoming increasingly important. In order to promote its compatibility with the
matrix (generally polymeric, PMC) it is customary to cover the single filaments with a polymeric sizing.
Likewise, metal-coated filaments could be obtained for subsequent use in metal matrix composites
(MMC). In this work we discuss the changes made to a standard basalt and glass spinning plant replacing
the polymeric sizing application system with a molten metal deposition chamber in order to obtain a
coating of the fibers directly during the spinning procedure.
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MATERIAL AND METHODS
The exploration phase was carried out using pure aluminium as covering metal, which has lower flammability and usage problems than magnesium, but at the same
time the analogy between their melting temperatures would allow the same plant to be used for both. E-glass and basalt fibers were used as raw material to obtain
the single filaments covered with aluminium. Morphology and interface between aluminium and fibers were investigated by SEM and EDS analysis.

RESULTS AND DISCUSSION
The variation of some parameters, such as the speed of rotation of the winder and the temperature of the molten metal bath, allowed to obtain different metal
thicknesses and different mechanical properties. Tensile tests on single filament were performed to investigate the potential effect of the metallic covering on
mechanical properties of fibers and results show a that basalt filaments highlight a better resistance to aluminium melting temperature (660 °C) compared to Eglass filaments. With this method it would be possible to disperse even submicrometric or nanometric particles in the fibers metal covering obtaining a perfect
homogeneity of dispersion in the composite that would be obtained subsequently with their use.
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INFORMED ADDITIVE MANUFACTURING TEACHING
AND RESEARCH BASED ON MATERIALS DATA

INTRODUCTION
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Compared to traditional manufacturing techniques, additive manufacturing (AM) is flexible, versatile and
highly customizable, with huge potential to innovate the industrial production. In the past few years, this
fast-evolving technology has received significant interest from universities and research centers
worldwide, inspiring both educators and researchers.

MATERIAL AND METHODS
The performance of additive manufacturing parts depends not only on the materials but also on the
machines used for processing. Furthermore, optimizing process parameters is complex. To support
informed additive manufacturing teaching and research, we have updated the additive manufacturing
process records in CES EduPack and added the Senvol Database™ in CES Selector. CES EduPack and CES
Selector are software tools developed by Granta/Ansys in collaboration with the University of Cambridge,
and widely used for learning materials as well as performing rational materials selection following
Ashby’s methods.

RESULTS AND DISCUSSION
In this contribution, we present how to use this computational tool to:





Learn the different AM processes: the principle, process characteristics, cost modelling, limitations etc.
Find, compare and visualize performance of additive materials and machines
Compare the performance of AM materials against conventional engineering grades
Add your own AM research data to present findings through clear charts and tables

With the most up-to-date material information and visualization tools, the students and researchers can identify the differences in performance between additive
manufacturing and conventional technologies, with the ultimate objective of focusing on the most appropriate materials and machines for the development of
innovative products, fast manufacturing of existing designs as well as improved designs.
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HIGH-TEMPERATURE EROSION OF SUSPENSION
PLASMA SPRAYED THERMAL BARRIER COATINGS

INTRODUCTION
Solid particles erosion is a major issue for gas turbines, and especially affects yttria-stabilized zirconia
(YSZ) thermal barrier coatings (TBCs) for thermal insulation of hot-section parts. The present contribution
therefore aims to characterize the erosion resistance of YSZ TBCs deposited by conventional atmospheric
plasma spraying (APS) and suspension plasma spraying (SPS). The latter is a novel, promising technique
for the production of fine-structured coatings, but limited information is available on the erosion
behaviour of SPS TBCs. Erosion tests in this work were conducted under service-relevant conditions, at
≈950 °C, through a high-temperature facility
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MATERIAL AND METHODS
TBCs were deposited onto Hastelloy-X discs, previously coated with an MCrAlY bond layer by High
Velocity Oxygen-Fuel (HVOF) spraying. A standard, porous (≈13%) APS ZrO2 + 8 wt.% Y2O3 (YSZ) coating was deposited under industrial processing conditions. SPS
coatings were obtained by feeding a commercially available APS torch with an ethanol-based suspension of sub-micrometric YSZ particles through a liquid feedstock
injection system. Different operating conditions (plasma enthalpy, standoff distance) were adopted to obtain either dense columnar or microporous layers. After
SEM + EDX and XRD characterization, samples were tested in a gas jet erosion rig operated at 950±10 °C with ≈45 μm-sized alumina sand at a 2 g/min flow rate and
65 m/s speed. Test duration was 30 s and the jet incidence angle was 90°, representative of leading edge conditions.

RESULTS AND DISCUSSION
Conventional APS and microporous SPS layers layer suffered severe erosion, with complete removal of the top layer in the jet impingement area, whereas columnar
SPS coatings especially when deposited at high enthalpy and low standoff distance exhibited much lower volume loss. Conventional APS YSZ is subject to severe
spallation by cracking along the boundaries between large-sized lamellae, each spallation event leading to considerable volume loss. Microporous SPS coatings
consist of spherical YSZ particles with limited cohesion, which are readily detached from one another upon solid particles' impingement. Columnar SPS layers,
instead, exhibit greater intra-column cohesion among the fine molten particles, which allows good resistance against crack propagation, up to showing a partly
ductile erosion behaviour.
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SPECTROSCOPIC AND ELECTROCHROMIC
CHARACTERIZATION OF A FLEXIBLE FILMS BASED
ON VIOLOGEN OR POLYANILINE
INTRODUCTION
In the last years public opinion and scientific community have increased their sensitivity about domestic
energy management, finalized to ecological intent and economic advantage. In this context, smart
windows for energy-efficient building are widely tested. A common way to obtain windows able to
change their coloration, is to use electrochromic devices in which occur the modulation of optical
absorbance and transmittance by means of an external voltage. These devices consist in a multilayer
structures with transparent electrodes, electrochromic species and ion conductors. Often are obtained
films by depositing inorganic electrochromic species directly on conductive glass, subjecting them to high
temperature process. Obviously to install this type of smart windows, is request the complete
replacement of those already existing. Moreover, in case of malfunction or breakage of smart window,
need the purchase and installation of another. To overcome these drawbacks, our research team is
working to get a flexible and transparent electrochromic device to apply directly on existing windows.
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MATERIAL AND METHODS
The aim is to obtain a completely solid electrochromic device, to overcome the troubles that would occur in the presence of liquid phases. To achieve these
purposes it was successfully used a solid electrolyte based on ethylcellulose and LiClO4. Both the species have been stirred in a mixture of dichloromethane/
propylene carbonate, and two different samples have been obtained by adding two different types of electrochromic materials: ethylviologen diperchlorate and
polyaniline. Subsequently, each solution has been deposited by drop casting on the surface of two different transparent electrodes glass/ITO and PET/ITO and, after
drying, four homogeneous films have been obtained, and their spectral and electrochromic behavior was tested.

RESULTS AND DISCUSSION
From the first experimental evidences, the film based on ethylviologen show a good optical contrast, while the one based on polyaniline reveals mostly a color
change at a lower operating voltage. Moreover, films deposited onto glass/ITO have greater conductivity, but those casted on PET/ITO showed a good flexibility.
metal leaching.
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SOL-GEL SYNTHESIS OF MATERIALS IN THE SYSTEM
TiO2/SiO2/GAMA Fe2O3 AND THEIR APPLICATION IN
PHOTOACTIVITY OF TITANIUM STRUCTURES
INTRODUCTION
It is crucial to protect the structural integrity and aesthetic property of buildings and cultural heritage
against the detrimental effects of environment. To achieve such protection, numerous types of coatings
for inhibiting of metallic buildings exposed to harsh environmental conditions have been developed. The
TiO2 coatings are commonly employed for photocatalysis reaction, but its energy band (Eg≈3.2 eV) is
limited to shorter UV radiation with wavelength lower than 387.5 nm. Using of iron oxide nanoparticles,
which is commonly known as super paramagnetic nanoparticles, as catalyst carriers is very promising due
to their large surface area. Gama Fe2O3 has low band gap energy (2.03 eV) which induces the greater
relative ability to undergo electronic excitation in the visible spectral range. The aim of this work was to
investigate photoactivity of TiO2/SiO2/Gama Fe2O3, and to explore how photoactivity can be varied under
visible light.
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MATERIAL AND METHODS
GLYMO was added to HNO3 and the solution was stirred for 1 h and then centrifuged following drying at room temperature for 10 h. The obtained product was
then dissolved in ethanol by ultrasonic for 60 min, and right after propylene oxide and 15% TBT aqueous HCl solution were added to the resulted solution to form
sol and then aged for 2 days. After aging, polished titanium substrates were coated with the sol gel, dried at ambient and then calcinated in 450°C.

RESULTS AND DISCUSSION
Based on degradation of methylene blue, the result showed addition of Fe2O3 can improve photoactivity around 2 times (69 % degradation) under visible light. Xray diffraction pattern showed the prepared TiO2 films were crystalline. Enhancement in photocatalytic activity might be explained as either doping (Fe 3+) or
absorbance of Fe2O3 in/on crystalline TiO2, leads to decrease the bad gap, and so inducing a redshift for activation of TiO2/SiO2/Gama Fe2O3 film. This work has been
financially supported by the PRIN project “Monitoraggio, consolidamento, conservazione e protezione dei beni culturali” n. 2015WBEP3H.
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DEVELOPMENT AND OPTIMIZATION OF NEW
METHODOLOGIES FOR HIGH TEMPERATURE
MICROWAVE PROCESSING OF SIC-BASED CERAMIC

INTRODUCTION
Increasing demand of Ceramic Matrix Composites (CMCs) are driving research to find new and more
efficient manufacturing technologies to reduce processing time, trim energy spent and abate production
costs. The use of a Microwave assisted Chemical Vapor Infiltration (MW-CVI) process can be a clean and
attractive alternative for CMCs production, whose industrial-scale application still requires a systematic
work on the maximum temperature homogeneity obtainable in the heating of large preforms as well as
on the minimum operating pressure in the reactor. In this contribution, the design and test of a pilotscale MW-CVI reactor is illustrated.
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MATERIAL AND METHODS
IA hybrid MW-CVI pilot plant to produce Silicon Carbide-based CMCs (SiCf/SiC) was built in the framework
of the European project HELM. The inner chamber of the reactor was built in high quality graphite due to
its compatibility with the reactants and high temperatures of the process. The MW source system consists of three magnetrons operating at 2.45 GHz, each with 3
kW maximum emitted power. Different SiC-based preforms were infiltrated using Methyltriclorosilane (MTS) as gas precursor which reacts in H2 atmosphere to
give SiC. During the infiltration process, all the information related to trials are stored in order to identify the optimal infiltration conditions.

RESULTS AND DISCUSSION
The heating dynamic simulated and experimentally observed showed a similar behavior, confirming the efficiency of the MW heating process. In MW-CVI
processes, the obtained deposition rates confirm the expected reduction of processing time. SEM-EDS analysis of the infiltrated samples are compatible with the
expected inverse temperature. Due to the complexity of the procedure required for a proper microwave heating of large samples, the reactor was designed with
the internal microwave cavity acting as an overmoded resonator at the frequencies of interest. The electromagnetic behavior of the resonant cavity, both empty
and loaded with sample and sample holder, were accurately investigated by means of rigorous numerical modelling based on Comsol Multiphysics software,
including both thermal and dielectric properties accurately measured in the framework of project HELM. The data of the infiltration rate and efficiency were
investigated in order to correlate them with the processing parameters.
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AMCRA PROJECT: ADDITIVE MANUFACTURING OF
VALVES IN ALLOY 625 FOR OIL&GAS SERVICE

INTRODUCTION
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It Alloy 625 is widely used in demanding environments such as those in the Oil&Gas industry thanks to its
high mechanical properties, good corrosion resistance and great performance at high temperatures. Due
to challenges of manufacturing complex shaped components via traditional routes, Additive
Manufacturing is becoming increasingly appealing due to the ability to fabricate near net-shape
components of this alloy. Laser Powder Bed Fusion (L-PBF) is the most widespread technology for metals
nowadays and it operate using a laser beam scans that melt a thin layer of metallic powders layer by layer
followed by a post processing heat treatment that is necessary to reduce the internal stresses. The aim of
work was to evaluate the corrosion behaviour of Alloy 625 manufactured L-PBF and compare it with the
behaviour of materials manufactured via conventional routes.

2

MATERIAL AND METHODS

6

Alloy 625 samples were fabricated using an EOSINT M270 Dual Mode version and some samples were
heat treated at 980°C for 32 min and quenching in water. The materials were characterized in a range of
corrosive environments using: i) Cyclic potentiodynamic tests, ii) potentiostatic tests, iii) critical crevice
temperature, iv) intergranular tests, v) mass lost test, vi) stress corrosion tests and vii) slow strain rate
tests. Some tests were replicated on the traditional hot worked alloy (HW) that had a comparable
chemical composition.
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RESULTS AND DISCUSSION
The L-PBF Inconel 625 showed a not worst, and in some cases better corrosion resistance to localized corrosion than the traditional HW, as evidenced by
electrochemical tests. Furthermore, all the alloys showed susceptibility to crevice corrosion; in environments promoting intergranular corrosion, contrarily to HW, L
-PBF samples showed only a slight selective corrosion at the edge of the melt pool. The stress corrosion test did not show that this alloy was susceptible to SCC, but
slow strain rate tests also underlined hydrogen embrittlement susceptibility during cathodic over-protection. The corrosion performance of L-PBF-UT specimen can
be ascribed to its very fine microstructure, but the attack can take place at the melt pool border. The heat treatment did not fully destroy the 3D-printed
microstructure and promoted a similar corrosion resistance.
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SEWAGE SLUDGE ASH RECOVERY FOR HEAVY
METALS STABILIZATION PROCESS

INTRODUCTION
Sewage sludge is a waste which precipitated during the wastewater treatment process. The current
production of this waste is estimated in about 25 Kg/PE per year. However, an increased amount is
expected in the next years due to the improvement in pollutant removal required by current regulations
and a diffuse trend to the centralization of wastewater treatment in highly populated metropolitan areas.
In some EU regions sewage sludge incineration is done not only to reduce the volume of waste but also to
destroy the harmful substances and allow the thermal valorization. This work proposes the recovery of
sludge ash, obtained after combustion, for the stabilization of fly ash, rich of heavy metals

MATERIAL AND METHODS
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The stabilization method involves a homogeneous mixing of water, municipal solid waste incineration
(MSWI) fly ashes, two different sewage sludge ashes (SSA) and industrial by-products such as Flue Gas
Desulfurization (FGD) and Silica fume (SF). Two different SSA were obtained by two European sewage
sludge incineration located in Germany and Netherlands. The MSWI used in this work are provided by an Italian incineration plant. Different stabilized samples
were obtained involving 1:1 ratio between solid and MilliQ water. After stabilization (with or without thermal treatment) the samples were left at room
temperature for two months. Leaching tests were performed to evaluate the samples stability.

RESULTS AND DISCUSSION
This work investigates, for the first time, the reuse of SSA as MSWI fly ash heavy metals stabilizer. The mix of SSA, characterized by silica and alumina, and other
waste materials allows to promote a stabilization mechanism, such as carbonation and pozzolanic reactions. These reactions involved the reduction of the pH from
12.5 to 9.5 making the stabilization of heavy metals. This process avoids the use of chemical products then making the process sustainable. The SSA with the
addition of other industrial by-products can be used to improve the sustainability of the MSWI stabilization process, which suggests a green method for heavy
metals remediation. Moreover, the new proposed method allows the production of safe material which can be used as a basis for the production of ecological
composites materials.
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EFFECT OF DIFFERENT CELLULOSE PARTICLES ON
THE PROPERTIES OF BIODEGRADABLE POLYMER
COMPOSITES
INTRODUCTION
Poly(butylene adipate-co-terephthalate) (PBAT) is a flexible biodegradable polymer, with the certification
seal of biodegradable and compostable material. Nevertheless, to increase its range of use, it is important
to improve some of its properties, like mechanical resistance and barrier properties. Aim of this work was
to prepare and characterize PBAT-based composites reinforced with microcrystalline cellulose (MCC)
obtained by simple alkaline treatment from softwood almond (Prunus dulcis) shells and compare the
properties of the obtained composites with PBAT-based composites filled with commercial MCC.

MATERIAL AND METHODS
The biodegradable polymeric matrix used in this work was a film grade sample of PBAT. Two different
MCC samples were used as fillers for the preparation of biocomposites: a commercial sample supplied by
Sigma Aldrich (c-MCC) and a sample obtained by alkaline treatment from softwood almond (Prunus
dulcis) shells (as-MCC). Composites (containing 10 wt % and 20 wt % of filler) were prepared by melt-
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compounding in a batch mixer. The morphology of the materials was evaluated by SEM. The rheological characterization was performed using a rotational
rheometer. Tensile tests were carried out on specimens cut off from films prepared by compression molding.

RESULTS AND DISCUSSION
The measurements of complex viscosity as a function of frequency revealed that adding the MCC caused an increase of the viscosity in the whole investigated
frequency range for both the MCC samples used. Moreover, the viscosity increased with increasing the MCC content in both the cases. However, only the
composite filled with the 20 wt % of as-MCC showed an evident increase of the non-Newtonian behavior. The adding of MCC provoked an increase of the rigidity of
the biodegradable matrix. In particular, the tensile modulus strongly increased on increasing the amount of filler. On the contrary, tensile strength and elongation
at break decreased in the presence of both the cellulose samples, in particular for the composites filled with20 % of MCC. As expected, the presence of the filler
increased the viscosity values but this does not implies the worsening of the processability of the biodegradable matrix. The adding as-MCC led to materials with
better mechanical performances in comparison with biocomposites containing c-MCC.
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REUSE OF WASTE AUTOCLAVED AERATED CONCRETE
GRANULATES IN GYPSUMBASED BUILDING
MATERIALS
INTRODUCTION
Autoclaved aerated concrete (AAC) arises from the need to obtain a light, pre-packed material, with the
same physical and mechanical properties of a compact product. The exceptional characteristics of AAC
are due to its porous closed-cell structure generated by the reaction between the alkaline components of
the cement and a foaming agent, the aluminium powder. In the autoclave process, at high pressure and
temperature, cellular concrete assumes a stable and compression-resistant mass. Unfortunately,
duringthe cutting process to obtain the desired shape a large amount of AAC waste is produced. To
effectively manage this waste, following the prescription of the circular economy, a sustainable
application of waste AAC granulate as aggregates in gypsum-based building materials was hereafter
proposed.
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MATERIAL AND METHODS
The AAC waste granulate was provided by Bacchi S.p.a. (coming from the cutting of cellular concrete
blocks, named GasBeton Evolution) and had a diameter belonging to 0.063-2 mm range. Three different mixtures of gypsum-based building materials were
manufactured by gradually replacing gypsum with 10, 20 and 30% of AAC waste, using a solid/water ratio equal to 0.7. A reference gypsum sample was also
prepared. All the samples were subjected to physical (density, porosity and vapour permeability measurements), mechanical (compressive and flexural strength)
and morphological characterization.

RESULTS AND DISCUSSION
The addition of AAC waste led to a slight increase of the porosity, with a consequent decrease of density. As a result of the enhanced porosity, the water vapour
permeability showed a slight increase too (about 7%). Nevertheless, the mechanical properties of the samples were not strongly affected by waste addition. In fact,
in the worst case, the compressive strength decreased by 7% compared to reference sample, whereas the flexural strength decreased by 11%. Finally, the role of
AAC addition on the porosity of the samples was still evidenced by SEM analysis. Collected data showed, on the whole, that replacing gypsum with AAC waste
doesn’t significantly worse the features of gypsum-based materials, probably due to a good interaction between AAC granules and gypsum matrix. Therefore, the
production of these materials represents an interesting possibility of economic and environmental benefits.
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SUSTAINABLE HEMP-FIBER REINFORCED
INORGANIC FOAMS

INTRODUCTION
Nowadays, the research in the construction materials field is addressing the attention towards the
“environment and sustainability concern” through the development of multiperformance materials more
eco-sustainable. In this respect is growing, in the fiber-reinforced materials field, the study of
replacement the conventional mineral or synthetic fibres with natural ones. The increased interest is due
to the several positive characteristics of natural fibres such as: low cost and density, biodegradability, and
low environmental impact of the final products. In this work, the addition of hemp fibres in diatomite
based foams is presented, focusing on the effect of ascorbic acid treatment of the hemp fibers on the
mechanical and thermal properties of final foams.
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MATERIAL AND METHODS
The hemp fiber-reinforced inorganic foams (HE/DHCF) were prepared by mixing a suitable amount of
diatomite powder (Celite srl), Na2SiF6 (Sigma-Aldrich), Si powder (Merck) and hemp-fibres (treated and
untreated with ascorbic acid) with sodium silicate solution SS (Prochin-Italia Srl) and whipped surfactant foam (Isoltech srl). The slurry was cast in prismatic open
molds (160x40x40mm3) and cured at 60°C for 24h at room humidity. The produced foams were characterized by mechanical point of view through flexural (σF) and
compressive (σc) tests. In addition, thermal conductivity was evaluated by using the Modified Transient Plane Source (MTPS) technique.

RESULTS AND DISCUSSION
The mechanical behavior of a diatomite based inorganic foam (DHCF) shows a stress-strain curve typical of a brittle material with a σF ranging between 0.99 and
1.02 MPa. The addition of fibers, regardless type and amount, leads to a modification of the mechanical response of the composite foams. Even if both samples
induced a switch from brittle to ductile behavior, the effect of the addition is strongly dependent on the treatment of the fibers. In fact, untreated fibers, due to a
bad distribution within the matrix, lead to a decrease in the mechanical performances of the HE/DHCF foams (σF =0.76±0.03 MPa; σc =1.2±0.1 MPa). Conversely, the
ascorbic acid treatment promotes a bridge effect between fiber and matrix, that produces an increasing in the flexural and compressive strength of the composite
foam (σF =1.35±0.01 MPa; σc =2.8±0.08 MPa). The presence of hemp fibres (treated and untreated) do not affected either the density (about 360 kg/m 3 for all the
foams) or the thermal conductivity (λ=0.06-0.07 W/mK) of the composite foams. The efficacy of the toughening role of hemp fibers with and without chemical
treatment was evaluated, in order to propose these fibers as reinforcement of diatomite-based foams. A good chemical interaction between hemp fibers and the
inorganic matrix can be reached by a chemical treatment of the fiber with ascorbic acid. The induced higher grip on the fiber surface provided an increasing of the
mechanical performances without affecting density or thermal properties of the composite foams.
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RECOVERY OF COBALT FROM "HARD METAL" (WCCO) WASTES USING MALEIC ACID: A NEW
SUSTAINABLE APPROACH
INTRODUCTION
“Hard Metal” (HM) is a composite materials consisting of at least one refractory transition metal carbide
and one metal of Iron family obtained through powder metallurgy processes. HM production often
generates undesirable cobalt-rich by-products, as their Co content (>10wt.%) exceeds both practical and
legal thresholds. Thus, it would be beneficial from environmental and economic perspectives to develop
methods for tuning their Co content. This work describes the use of diluted ethanolic solutions of Maleic
Acid (H2Mal)for Co recovery from waste powders.
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MATERIAL AND METHODS
WC-Co recovery powders (RC-627C and RC-631L) were provided by F.I.L.M.S. S.p.A. The Co content in the
samples was 19.55 wt.% and 20.4 wt.%, respectively. Co-leaching experiments were effected reacting the
sample (500mg) with an ethanol solution of H2Mal (250mL, 0.5M) at room temperature under magnetic
bar stirring and monitoring the process in the 1-24hrs by 1h steps.The characterization of the leaching
was made by ICP-OES and solid residue by p-XRD and SEM-EDS.

RESULTS AND DISCUSSION
H2Mal ethanol leaching solutions (50 mL) at concentration ranging from 0.1 to 1M at room temperature under stirring, obtained almost quantitative leaching of Cometal (20 mg) in 3, 3 and 2 hrs for 0.1, 0.5 and 1 M, respectively. Selecting 0.5 M as the most suitable concentration, and monitoring the Co-leaching from RC-627C
and RC-631L recovery powders scaling up 5-times the conditions set-up on the metal powder. H2Mal solutions demonstrated to completely dissolve Co-binder in 3
hrs, achieving 96% and 97% after just 1h and 2hrs reaction, respectively. The Co leaching produced quantitatively the complex [Co(Mal)2(H2O)4], which was fully
characterized, according to the reaction: Co + H2Mal → [Co(Mal)2(H2O)4] + H2. ICP-OES measurements on the leaching solutions and X-ray diffraction and SEM/EDS
characterization on the treated powders, agreed on showing the almost complete Co removal from the treated samples. On these bases, a larger scale experiment
was, hence, performed on 300g of RC-631L in order to provide the company a treated sample in amount compatible with testing the material. Under the above
reported conditions, around the 75% of Co was removed leaving a 5% Co into the solid residue, obtaining a good quality material.
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URBAN MINING OF WASTE-TO-ENERGY RESIDUES
FOR A ZERO-WASTE APPROACH IN MUNICIPAL SOLID
WASTE INCINERATION
INTRODUCTION
Municipal solid waste (MSW) is a waste stream mainly consists of by-products. MSW incineration (MSWI)
is necessary when recycle is not possible. The MSWI residues are bottom ash (BA), that contains heavy
metals (HM) with low volatilization, and fly ash (FA) rich with volatile HM such as Zn, Ni, Cu, and Cd, also
in leachable form. Being a toxic waste, FA is destined for landfilling. The presence of contaminants causes
long-term consequences on the environment. An adequate treatment of ashes and their reutilization is
preferred.
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MATERIAL AND METHODS
Four ash typologies: Coal Fly Ash (CFA), Flue Gas Desulphurization (FGD), MSWI FA, and MSWI BA,
collected from Brescia municipal power plant, are used. Several stabilization samples were obtained by
mixing 20 g of MSWI BA and 200 g of three powders including FA, FGD residues and CFA with 200 ml of
ultrapure de-ionized water. The same procedure was used replacing FGD with: Ca(OH)2 and Mg (OH)2.
Leaching tests were performed by TXRF to evaluate the stability of samples (with or without thermal treatment), while XRD, SEM and TEM techniques were
employed for characterization of powder samples.

RESULTS AND DISCUSSION
TXRF results of stabilized samples with FGD revealed a decrease in heavy metals leaching, independent of the treatment temperature. XRD data show calcite the
main phase present in stabilized samples, due to the carbonation reaction. TEM analysis of inert samples turns out the presence of solid spherical particles, ranging
from approximately 0.1 to 0.5 µm in diameter. Higher Pb and Zn concentration were found in samples stabilized with Ca(OH) 2 and Mg(OH)2 with respect to FGD
stabilization. Reuse of the finest MSWI BA part is proposed for MSWI FA stabilization in contest of a new urban mining strategy. This methodology can be
considered a zero-waste approach. Indeed, the resulting inert material can be reused as a secondary material, substitute for calcite/talc. This strategy fulfils the
requirements of a circular economic policy, closing the material use loop by utilizing ‘waste’ for suitable and sustainable applications, as well as other benefits such
as saves CO2 emission, avoids landfilling of MSWI and opens new perspectives markets.
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DEVELOPMENT AND ASSESSMENT OF RESTORATION
TECHNIQUES BASED ON INNOVATIVE MATERIALS

INTRODUCTION
Aim of this work is the study of innovative materials and processes for conservative interventions and
restoration of artefacts of various types. Although the use of polymeric materials is very widespread in
the restoration and conservation of Cultural Heritage, there are few scientific works and applications that
use polymer-based nanostructured materials. Moreover, these materials make it possible to modulate
the properties according to the required use. There are already examples in the literature that have
studied the use of nanostructured materials but none of these is polymer based, leaving a gap in the
research that deserves to be filled. Moreover, the optimization of the properties of polymeric
nanocomposites allows to correct or improve some defects found in the use of pure polymers.
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MATERIAL AND METHODS
A sample of film grade poly(ethylene-co-vinyl acetate) (EVA) was used as polymeric matrix. Two different
nanoparticles (cloisite 15A and modified TiO2 particles) were used for the preparation of the
preparation of the nanocomposites. The compounding was realized by melt mixing. Protective films have been made by compression molding. A mechanical
characterization of the material was carried out, obtaining elastic modulus, tensile strength and elongation at break of all the samples. Accelerated aging tests have
also been carried out on films made with EVA to which stabilizers and antioxidants have been added and to EVA nanocomposites.

RESULTS AND DISCUSSION
The nanocomposites films show a faster loss of mechanical performance and higher carbonyl formation with respect to the films of EVA The role of the
nanoparticles in the photo-degradation behaviour of the films was investigated. For examples the organo clay filled sample shows faster photo-oxidation rate with
respect to the unfilled matrix. This effect is due to the reduction of the oxidation induction time and it is not due to the changed photo-oxidation kinetics. The
probable causes of this behaviour is the presence of the organo-modifier. Thanks are due to PON 02 and PRIN 2015WBEP3H Projects.
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ECOSUSTAINABLE PROTECTIVE AND PHOTOCATALITIC
COATINGS FOR CULTURAL HERITAGE

INTRODUCTION
There is an urgent need to adopt preventive strategies aimed to avoid loss of solidity and compactness of
the building and cultural/monumental heritage materials, due to the processes of bio-deterioration,
sulphation and formation of black crusts. In the case of historic buildings several consolidating coatings,
based on thermoplastic or thermosetting polymers, silicates and limes, hydrophobic and photocatalytic
self-cleaning materials are commonly employed. One of the them is titanium dioxide (TiO2), a
photocatalytic material which presents purifying and self-cleaning actions. However, it has been reported
that TiO2 can develop some harmful occurrence over time, due to the production of specific acids. In this
work, a double coating, based on a hydroxyapatite (HAp, Ca10(PO4)6(OH)2) bottom layer and a titania top
layer, is proposed in order to combine protective and photocatalytic actions.
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MATERIAL AND METHODS
TiO2 and HAp coatings were deposited on three different stones (i.e. Travertine, Serena stone and marble
of Carrara), using titanium tetraisopropoxide/ethanol/acetic acid and calcium nitrate tetrahydrate/triethyl phosphite/ethanol:water for TiO2 and HAp, respectively.
Different synthesis conditions were considered, in terms of reagents concentrations, temperature and pH, different post-thermal treatments. Both aerography and
dip-coating were exploited, testing different process conditions, concerning distance, pressure, spraying times, dwelling time. Morphological and microstructural
investigations were carried out by way of optical microscope, scanning electron microscope (SEM), equipped with Energy Dispersion Spectroscopy (EDS), and X-Ray
diffraction (XRD) analysis. Preliminary acid attack tests were performed, dipping the HAp coated stones in HNO3 solution.

RESULTS AND DISCUSSION
Homogeneous TiO2 and HAp coatings were successfully obtained. TiO2 coatings did not modify in any way the external appearance of the stones, resulting
transparent, and HAp was able to deeply penetrate within the stone porosity. The acquired SEM micrographs and EDS spectra confirmed the presence of both the
Titania and HAp layers. Preliminary tests in nitric acid solution shows the effective protective action of the developed HAp coating. Future developments provide
formulation and development of innovative substituted HAp coatings, using various precursors and vicarious ions, in order to enhance its protective action,
chemical stability and corrosion resistance. This work was supported by INNOCONCRETE project “Innovative tools for conservation and monitoring of artworks in
concrete by exploiting electrochemical paper-based sensors, functionalized nanomaterials, and modelling”, financed by the Executive Program on Scientific and
Technological Cooperation between Italian Republic and Sweden, through Ministry of Foreign Affairs and International Cooperation and the Swedish Research
Council (VR).
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COMPOSITIVE AND NANOMECHANICAL
CHARACTERIZATION OF ANCIENT FRESCOS IN
CULTURAL HERITAGE PRESERVATION
INTRODUCTION
In the last years, several projects have been developed for the preservation and restoration of Italian
Cultural Heritage by the integration of modern technologies and facilities in the context of analyses,
diagnostic and environmental monitoring. In particular, this work is developed within the ADAMO
research project where University of Roma Tre is one of the participants. The objective of the present
activity is the use of nanoindentation and electron/ionic microscopy to investigate and compare different
manufactured relics of the ancient Roman age.
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MATERIAL AND METHODS
Samples coming from frescos fragments of “Villa della Piscina” in Rome were analysed. Our task is related
to nanomechanical, morphological and chemical characterization of painted plaster wall fragments taken
from different areas of the villa using a correlative approach, integrating nanoindentation fast mapping
and SEM-EDS for different phases identification. Furthermore, cross sections realised with Focused Ion
Beam (FIB) allowed to highlight the inner microstructure at sub-micrometrical scale. The optimization of operative microscope parameters has been compulsory to
avoid charge up artefact (as it is not possible to metallize the sample or use silver paint).

RESULTS AND DISCUSSION
The possibility to characterize samples, with the aim of not damaging them, is a mandatory request for the preservation of cultural heritage. SEM, FIB and
Nanoindentation techniques are developed with this objective permitting to identify some peculiar characteristic to compare similar ancient finds. In particular, it
has been possible to identify hardness and elastic module with a surface resolution of 5 μm (range among indentations) and correlate them with the respective
phase revealed with the EDS map. The implementation of characterization techniques commonly used in the material science allows to correlate the mechanical
properties with morphology and composition of ancient finds, possibly without damaging or altering them.
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CHARACTERIZATION AND RECOVERY OF JORDAN
EARTHEN BUILDINGS: PRELIMINARY RESULTS

INTRODUCTION
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The earthen buildings are realized by using directly the soil in construction of masonry, without firing the
material and they are present on all continents. Mud is one of the most ancient materials used in
architecture. 15% of the architectural works inscribed on the UNESCO World Heritage list are built in raw
earth. In our project we study the materials sampled in six ancient sites selected to cover all the Jordan
territory, in order to design new clay mixtures with additive able to stabilize them, in terms of chemical
degradation, and favor workability. Our approach will be to use local raw materials to obtain zero-mile
products made with manual processing and so to provide new sustainable building form economic,
energetic and environmental point of view.

MATERIAL AND METHODS
Physical-chemical and mineralogical characterizations were performed on raw bricks collected in Jordan
in order to have information of raw materials used. In particular, after sieving the samples, we proceeded
to the quantification of the straw, the chemical and mineralogical analyses of the fine fraction, and the observation of the microstructure on thin section of plasters
and mortars.

RESULTS AND DISCUSSION
All the brick samples show high calcium contents varying to the site investigated. The chemical composition of the collected clays is also in accordance with the
composition of the brick. As regards the plasters and mortars, they seem to be made by using lime by considering the high content of calcium. The percentage of
the straw, always less than 1.5% wt., varies according to the provenance site. First of all, it is important to underline the chemical similarity between bricks and
clays. This confirms the use of local materials that were recovered from clayey deposits formed by occasional flood. In fact no real clayey outcrops are present in
the surroundings of the selected sites. The clays analyzed result to have different plasticity level that could explain the different percentage of aggregate added as
skeleton. At the present, we are selecting the materials able to increase the resistance and workability of bricks and plasters, taking into account their availability in
Jordan.
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ELECTROCHEMICAL DETECTION OF SULPHATE IONS
FOR MONITORING OF DURABILITY OF CONCRETE
STRUCTURES
INTRODUCTION
The continuous monitoring systems for the deterioration of concrete structures are fundamental as they
provide an early signal of possible structural problems, thus guaranteeing a more rational approach to
planning and scheduling maintenance interventions, and also allowing to minimize the relative costs.
The sensors, and the monitoring systems associated with them, are an important element for the
management of structures, because they allow to evaluate the performance of the materials in a fairly
simple and fast but reliable way. To date there are only monitoring systems based on the simple
measurement of the potential for free corrosion of the reinforcement. Instead, the aim of our research is
that to develop a sensors based system in order to perform a continuous monitoring of the durability of
concrete structures. In particular, different type of sensors will be embedded direct in the concrete in
order to monitoring the variation of different parameters such as chloride and sulphate ions, pH,
temperature and so on.
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MATERIAL AND METHODS
In this work the attention will be focuses on the fabrication and characterization of sensors for the detection of sulphate ions. The sensor is composed of a metal
wire (Pt, Au, Ag) embedded on a hydrogel made of polyvinyl alcohol (PVA) and chitosan. The hydrogel was obtained by cross-linking polymerization using
glutaraldehyde. Different concentration of glutaraldehyde were tested in order to found the best value to obtain an hydrogel self-standing with high water
absorption capacity and able to retain large volume of liquid in the swollen state. Then the hydrogel was dehydrated and re-swelled in a solution of BaCl2. Different
solutions of sodium sulphate were prepared in order to test the sensors and build the calibration line.

RESULTS AND DISCUSSION
The preliminary results show that with the increase of glutaraldehyde concentration the hydrogel have a very compact gelled matrix and absorb a small amount of
water. Instead, in the optimized condition (using a very small amount of glutaraldehyde), a soft and very flexible hydrogel was obtained able to absorb high volume
of BaCl2 solution. The increase glutaraldehyde concentration lead to an hydrogel with high crosslink density with the consequence of the reduction of water
adsorption. In fact, the formation of a very compact gelled matrix reduces the penetration of solution and thus a reduction of swelling was observed. With the
optimized hydrogel, we have fabricated the sensors and their characterization are in progress. In particular, we are obtaining the calibration line of sensors, varying
the sulphate ions concentration, in order to establish the linearity range and the limit of detection. Moreover the stability of the hydrogel at different temperature
is under study.
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BIODEGRADABLE POLYMERS AS POTENTIAL NEW
MATERIALS IN THE CULTURAL HERITAGE
CONSERVATION FIELD
INTRODUCTION
Artifacts of historical and artistic value typically suffer an inevitable degradation due to the deterioration
of the constituent materials. The main purpose of conservatives is to slow down these degradation
processes through periodic maintenance treatments. Polymer materials have been considered as a valid
answer to the many problems that could arose. However, regarding the use as a protective agent,
reversibility seems, more an idealistic than a realistic matter. In this view, biodegradable polymers may
help in overcoming this limit. The results of this work, therefore, aim to show the photooxidative
behavior of biodegradable polymer systems, in view of their possible use for the protection of cultural
heritage.
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MATERIAL AND METHODS
The materials used in this work were: a sample of PLA, 4032D (NatureWorks, USA), a PBAT sample,
Ecoflex (BASF, Germany); and a sample of PBAT / PLA blend, Ecovio (BASF, Germany). All samples were
subjected to accelerated weathering in a Q-UV chamber (Q-Labs Corp., USA). The sheets of all the samples were prepared by compression molding. Tests
performed on photo-oxidized samples included: mechanical tests (in tensile mode), spectroscopic characterization (FT-IR ATR and UV-Vis spectra), Melt Flow Index
(with a load of 2.16 kg), Soxhlet extraction test and contact angle measurements .

RESULTS AND DISCUSSION
The results obtained from this work demonstrated how the Ecoflex samples, subjected to accelerated aging cycles with condensation, show much faster
degradation kinetics. The cause is to be found in the fact that, being a polyester, the Ecoflex certainly undergoes not only photo-oxidative degradation, but also
hydrolytic degradation, which leads to a significant reduction of the molecular weight. The Ecovio samples, on the other hand, exhibited a somewhat unusual
behavior, i.e. seeming to show a synergistic effect, presumably due to the interaction of the by-products of the two components which actually accelerates the
photo-oxidation kinetics.
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