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Plenary I - Flexible oxide electronics: where functionality meets sustainability

Pedro Barquinha, Associate Professor at NOV A School of Science and Technology, Portugal.

The recent demonstration of a flexible 32-bit microprocessor by PragmatIC and Arm using indium-gallium-zinc
oxide (IGZO) thin-film transistor (TFT) technology clearly shows the interest of taking flexible electronics to
applications beyond displays. Indeed, an anticipated vision would be to seamlessly integrate electronic functionalities
into everyday objects, which would require researchers to conceive a high-performance multifunctional technological
platform using sustainable processes and materials, tackling simultaneously More Moore and More than Moore
concepts.

This presentation will focus precisely on the work being carried out at NOVA toward this direction. Topics to be
covered include: replacement of IGZO by zinc-tin oxide (ZTO), a critical-element free semiconductor, without
compromising low-temperature fabrication and TFT performance; oxide TFT integration in multiple analog and
digital flexible circuits; use of oxide TFTs as ionizing radiation sensors; synthesis of ZTO nanostructures by
hydrothermal synthesis and its combination with PDMS to create mechanical nanogenerators; integration of fibre-
TFTs with fibre-QLEDs into a smart textile display system.



Plenary II - From nanoparticles to artificial tumors: A lifetime scientific journey
Luis M. Liz-Marzén, Ikerbasque Professor at CIC biomaGUNE, Spain.

Nanoplasmonics can be defined as the science studying the manipulation of light using materials of size much smaller
than the radiation wavelength. This technology finds applications in various fields including sensing and diagnostics.
An essential component of nanoplasmonics are nanostructured noble metals, which absorb and scatter light
efficiently, through coherent oscillations of conduction electrons. Although the remarkable optical response of “finely
divided” metals is well known since more than 150 years ago, the recent development of sophisticated
characterization and modelling methods has dramatically reactivated the field.

This talk will provide an overview of the gradual shift in research approach, from colloidal synthesis methods,
through self-assembly, optimization of plasmonic properties and ultimately performance in biosensing applications.
Several examples will be presented in which nanostructured materials comprising gold nanoparticles have been used
as substrates for ultrasensitive detection of biorelevant molecules.



Plenary III - Advancing Solid Interfaces and Lubricants by First Principles Materials Design

Maria Clelia Righi, Full Professor at Bologna University, Italy.

Friction and wear result in massive economic and environmental costs. By advancing tribological materials
impressive energy savings, and consequent reduction of CO2 emissions, can be obtained. However, optimizing
lubricant materials is challenging because their performances are ruled by molecular-level processes that occur at the
buried interface, which are extremely difficult to monitor by experiments. Simulations can play a decisive role here,
in particular those based on quantum mechanics, which is essential to accurately describe materials in conditions of
enhanced reactivity as those imposed by the mechanical stresses applied.

In this talk I will describe the computational tools we developed to 1) perform multiscale simulations and design
materials to reduce friction and provide fundamental understanding on chemical reactions activated by mechanical
forces. ii) perform high throughput screening of solid interfaces. A database for interfacial properties, such as
adhesion and shear strength will be presented and discussed.
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Keynote I - Electrochemistry for energy: conversion, storage and integration for a self-powered
Society

Federico Bella, Professor at Politecnico di Torino, Italy.

Efficiency, stability, sustainability and integration of energy devices are milestone targets towards world
electrification and renewable sources-dependent society.
In this talk, new strategies for materials design, use of biosourced components, unconventional device architectures
and structure-propriety-performance correlation will be shown for the design of different energy devices for the
storage and conversion of energy.
In particular, the lecture will cover these intriguing aspects in the current energy scenario:

e Solar fuels from emerging conversion technologies.

e The design of stable cell components for post-Li batteries;

e The transition towards aqueous photovoltaics.

e The use new materials for allowing the design of integrated conversion/storage systems for cities and

industries.

The importance of considering sustainability, stability and industrial scalability as main targets in the research work
will be stressed, along with a real consideration of efficiency results presented in the literature.

This project has received funding from the European Union’s Horizon 2020 Research and Innovation programme
(grant agreement No. 952169, project title: SYNERGY).



Keynote II - Innovative designs in (bio)sensors with plastic antibodies
Goreti Sales, Associate Professor at University of Coimbra, Portugal.

(Bio)sensors combine in a single device a (bio)recognition element and a transducing element. The biorecognition
element is the one responsible for the selectivity of the biosensor, holding the ability to discriminate a target
compound among several others. Many (bio)recognition elements may be employed, including materials from
natural or synthetic origin. Plastic antibodies are synthetic biomimetic materials that have become attractive
alternative to natural antibodies in (bio)sensors. They are tailored by imprinting a given target molecule on a
polymeric network and then extracting this molecule from it. The vacant sites so generated display great affinity for
the specific target molecule used at the imprinting stage, due to complementary spatial and electrostatic interactions.
Combining (bio)sensors and plastic antibodies is a long and successful scientific story that has also been extended to
the integration of renewable forms of energy to generate self-powered devices. Several approaches have been
developed for this purpose. Some include photovoltaic and fuel cells, which will be discussed in this presentation.

Acknowledgements: European Research Council, through the Starting Grant 3P’s/GA311086, and the European
Commission, through Symbiotic/FET-Open/H2020/GA665046 and MindGAP/FET-Open/H2020/GA829040.



Keynote III - Molecular doping of metal catalysts for improving the electrochemical conversion of
CO2 to multicarbon products

Damien Voiry, CNRS researcher at University of Montpellier, France.

The conversion of CO. via electrochemical processes is a relevant technology to close the carbon cycle; especially
when combined with renewable energy sources. Because of their high market value and their high energy density,
research has aimed at developing catalysts for the electrochemical conversion of CO. into multicarbon molecules.
Copper (Cu) is one of the few transition metals that can efficiently catalyze the electrolysis of CO. to multicarbon
products such as ethylene, ethanol, acetate, propanol. The design of Cu-based catalysts by adapting some of the
concept of molecular catalysts in order to finely tailor the behavior of the active sites of metallic surfaces is currently
regarded as the long-standing interest for the controlled design of novel electrocatalytic materials. Increasing the
oxidation state of copper has been suggested to improve the CO.RR performance and notably the formation of
C.. species.

In this context, we have proposed a new strategy to improve the conversion of CO, into hydrocarbon molecules with
two or more carbon atoms (C..) viamolecular doping of a metal catalyst. Specifically, we identified electrophilic
functional groups that allow to direct the electrochemical reactions towards the production of C.. species such as
ethanol and ethylene and improve the reaction rates at the surface of the catalyst. In my presentation, I will review
our recent findings on how the control of the oxidation state of Cu for controlling the selectivity of the CO, reduction
reaction.
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A.1. Nanomaterials 0D to 3D

ID 44 - Investigating the mechanical behaviour of MoS: thin films under stress

E. A. Fodeke, C. Coupeau, M. Drouet, L. Vernisse
Institut Pprime, UPR 3346, CNRS - University of Poitiers, France

Due to its impressive mechanical, optical and electrical properties, molybdenum disulfide (MoS;), among transition
metals dichalcogenides (TMDCs), is a good candidate for applications in flexible electronics, optoelectronic devices
and catalysis [1]. Characterising its mechanical response is thus a key-point to exploit its potential. It is the goal of
our current research.

Transferring MoS; films from the growth substrate to other substrates of interest is a major challenge. Existing
procedures lead to the destruction of the growth substrate, sample degradation and/or presence of sacrificial coating
residue on the free surface. Therefore, we developed a new transfer method which guarantees a quick, reliable,
chemical and impurity-free transfer to desired substrates while preserving the morphology and quality of the film for
various physical analyses and applications.

To understand their mechanical behaviour, 2D films of MoS; transferred to polyether-ether-ketone (PEEK) substrates
were subjected to uniaxial compression. The surfaces in situ evolution under increasing/decreasing strains was
investigated by scanning probe microscopy. Straight-sided buckles are evidenced above a specific strain, lying
perpendicularly to the (Ox) compression axis (Fig. 1). Some of them are observed to interact together, as described
in the case of high eclastic contrast between the film and its substrate [2]. The results are presented and discussed in
the framework of the elastic theory describing the buckling phenomenon.
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Fig. 1. MoS2 monolayer buckles on strained PEEK substrate (e= 6%)

[1] Krishnan et al., Superlattices and Microstructures 128 (2019) 274.
[2] Coupeau et al., Journal of the Mechanics and Physics of Solids 124 (2019) 526.
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ID 100 - Dense and Mesoporous FePd Nanowires as Excellent SERS-active Substrates

Deepti Raj?, Gabriele Barrera®, Federica Celegato®, Aliona Nicolenco®, Federico Scaglione?, Jordi Sort®¢,

Eva Pellicer®, Paola Tiberto®, Paola Rizzi*?

aDipartimento di Chimica e Centro Interdipartimentale NIS (Nanostructured Surfaces and Interfaces), Universita di Torino,
Via Pietro Giuria 7, 10125 Torino, Italy

bistituto Nazionale di Ricerca Metrologica (INRIM), Str. delle Cacce 91, 10135 Torino, Italy

cUniversitat Autonoma de Barcelona, Campus de la UAB, Plaga Civica, 08193, Bellaterra, Barcelona, Spain

dICREA, Pg. Lluis Companys 23, E-08010 Barcelona, Spain

Dense and mesoporous FePd nanowires (NWs) of different diameters and compositions (ranging from Fe;oPd7; to
FesoPdso) have been successfully fabricated by employing template- and micelle-assisted pulsed potentiostatic
electrodeposition method. The NWs were electrodeposited into nanoporous anodic alumina (AAOQO) and
polycarbonate (PC) templates of varying pore sizes. An FePd electrolyte was utilized for obtaining dense NWs while
a block copolymer, P123, was added to this electrolyte as the micelle-forming surfactant to produce mesoporous
NWs. The as-prepared NWs have a face-centered cubic structure and exhibit a range of length, from 3.1 um to 7.1
pm. PC-derived dense NWs are longer and more continuous compared to their AAO-derived counterparts. The
mesoporous NWs have a Pd-rich composition and reveal a core-shell structure where the porosity is only witnessed
in the internal volume of the nanowire while the outer surface remains solid and non-porous. Fe incorporation was
favoured at more negative potentials and some dependence of composition on pore size was also observed. Then, the
NWs partially embedded in the AAO template were examined as active substrates for Surface-enhanced Raman
Spectroscopy (SERS). The NWs display strong SERS effect for 4,4’-bipyridine probe molecule credited to the
presence of multiple hotspots. Impressively low detection limit of <10"'> M has also been recorded. Hence, the
excellent SERS performance of the reported NWs holds remarkable promise for their application in the field of life
science and ultrasensitive instrumentation.

Presenting author: Deepti Raj
Via Pietro Giuria 7, Torino, 10125, TO, Italy
Email: deepti.raj@unito.it



ID 125 - Modification and Characterization of Ag and CuO Nanofluids for Stability Control and
Thermal Conductivity Enhancement

Anna Boufina 1, Alexandros Prospathopoulos 1, Alexandra Kaldeli Kerou 2, Nikolaos Michailidis 1

! Physical metallurgy Laboratory, Dept. of Mechanical Engineering, School of Engineering, Aristotle University of
Thessaloniki, 54124 Thessaloniki, Greece
2 PLiN Nanotechnology S.A., Spectra Business Center, 57001, Thermi, Greece

An innovative method of improving heat transfer capability in modern cooling and heating systems is the use of
nanofluids. Enriched fluids with nanoparticles, compared to conventional ones, increase the efficiency of these
systems, due to their improved thermophysical properties. Experimental measurements carried out when heating
buildings, using nanofluids showed that their application can result in up to a 38% reduction in energy needs [1].
However, instability (formation of aggregates, sedimentation) has been observed in the behaviour of nanofluids,
which reduces their performance.

In the present work, silver and copper oxide nanoparticles suspended in deionized water (Ag/ DIW, CuO/ DIW) were
studied under different pH and temperature conditions in order to find the region of maximum stability. Experiments
were performed to characterize Ag/ DIW and CuO/ DIW nanofluids by obtaining UV-Vis spectra, changing the
concentration, pH and dispersion medium from deionized water to deionized water/ ethylene glycol mixtures (DIW
/ EG) and then their stability under different temperature conditions was studied. In addition, the enhancement of
thermal conductivity of water and ethylene glycol in the presence of Ag and CuO nanoparticles was investigated.
Experimental results have shown that Ag/ DIW, Ag /DIW /EG, CuO / DIW and CuO/ DIW/ EG nanofluids under
distinct acidity (pH) and temperature conditions exhibit increased stability, strengthening the need for further
research.

Keywords: Ag and CuO Nanofluids, Stability, Heating-cooling systems.

References
1. D.P.Kulkarni, D.K.Das, R.S.Vaijjha (2009).Application of nanofluids in heating buildings and reducing pollution,
Applied Energy, 86, 2566-2573.
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ID 169 - MgO nanoparticles obtained by Pulsed Laser Ablation in Liquid - a study on fabrication
versatility aiming different applications

Helena Pereira!?, Caroline Moura!?, Georgina Miranda®, Filipe Silva'-?
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Guimardes, Portugal

2LABBELS —Associate Laboratory, Braga, Guimardes, Portugal

3CICECO, Aveiro Institute of Materials, Department of Materials and Ceramic Engineering, University of Aveiro, 3810-193
Aveiro, Portugal

Nano and micro-sized metal particles are used in diverse fields, from electronics to biomedical. Among them,
Magnesia, also known as magnesium oxide (MgO), is one of the most interesting metal oxides due to its unique
properties, such as a large electrochemically active surface area and chemical stability.

Although chemical routes such as chemical reactions, thermal evaporation,sol-gel, chemical vapor deposition and
hydrothermal treatments are mainly used to fabricate metal oxide nanoparticles, they require the use of toxic reagents
and long processing times. Thus, developing a simple green synthetic process for preparing MgO nanoparticles
remains a challenging topic of investigation. Pulsed laser ablation in liquid (PLAL) has emerged as a potential
alternative to chemical methods because it does not require chemicals, generates no waste, and produces high-purity
particles. By changing some parameters such as the laser wavelength, laser fluence, and liquid media the size and
shape of the particles produced can be tailored. The obtained particles can be added to act as anti-biofilm agents on
coatings.

Both influence of the liquid medium and the laser energy on nanoparticle composition and morphology are
investigated in this work, as well as the effects of laser energy and different liquid media on the properties and
characteristics of these nanoparticles.

Acknowledgements: This work was supported by Fundacdo para a Ciéncia e Tecnologia through the grant
2020.07257.BD, the projects UIDB/04436/2020 and UIDP/04436/2020. PTDC/EME-EME/1442/2020
(Add2MechBio). Additionally, this work was developed within the project CICECO-Aveiro Institute of Materials,
UIDB/50011/2020, UIDP/50011/2020 & LA/P/0006/2020, financed by national funds through the FCT/MEC
(PIDDAC).
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A.2. Flexible and porous materials

ID 91 - Nanoporous Gold synthesis from metastable Au33Fe67 alloy for Surface Enhanced Raman
Spectroscopy applications

Paola Rizzi, Deepti Raj, Federico Scaglione
Department of Chemistry, University of Torino, Via Giuria 7, 10131 Torino, Italy

Nanoporous gold (NPG) can be produced by dealloying, a process in which the less noble elements in an alloy are
chemically or electrochemically dissolved into an electrolyte, leaving on the surface the noble element to form
ligaments and pores with size of tens or hundreds of nanometers, characterised by excellent optical and
electrochemical properties.

In this work, a low-cost NPG has been prepared by chemical dealloying of a AussFes7 supersaturated solid solution,
whose ribbons were obtained by rapid solidification technique. The dealloying procedures were carried out in 1 M
HNO; at 70 °C for varying durations. As-quenched ribbon and dealloyed samples have been structurally and
compositionally investigated using XRD, FESEM and EDS techniques. The obtained NPG is homogeneous with
tunable ligament size and shape (Fig. 1), easy-to-handle and free-standing. Surface-Enhanced Raman Scattering
(SERS) was explored using 4,4'-bi-pyridine as probe molecule. Strong SERS effect has been observed with low
detection limit of 1015 M. The NPG sample performs excellently as an economical and highly sensitive SERS-active
substrate for potential applications in life science and ultrasensitive instrumentation.

Most notably, a metastable precursor has been favourably obtained from an immiscible Au-Fe system. Pairing Au
with cheap and abundant Fe and fabricating an Fe-rich precursor gives an exceedingly cost-effective starting material.
No usage of critical raw materials is involved. Then, employing a straight-forward and rapid dealloying procedure to
obtain the NPG sample, makes for an overall inexpensive and sustainable production.
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Fig 1: SEM-SE images of (a) NPG_1h; (b) NPG_2h
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ID 127 - Tunable wettability of laser-induced graphene through processing environment or
processing parameters
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Laser-Induced Graphene (LIG) created by laser scribing on a polymer precursor like polyimide exhibits many
interesting properties. Along with creating conductive patterns embedded in flexible substrates the wettability of
these materials can be finely tuned by simply changing the IR laser processing parameters. The water contact angle
(CA) of LIG could be tuned from a superhydrophilic state -with a CA ¢ = 0° - to a superhydrophobic state with a CA
¢ = 150°. Two different strategies were investigated: 1) tuning of the scribing pattern, 2) change of the O, content of
processing atmosphere through local air/N; purging. The resulting CA of the different LIG types were investigated
together with the chemical surface composition, measured by XPS (X-ray Photoelectron Spectroscopy). A correlation
between the oxygen content of the surface and the CA could be observed. This opens the possibility to manipulate
and direct fluids on the LIG surface; demonstrators like a fluidic device were fabricated based on these findings.
Inspired by the Namib desert beetle a biomimetic application in fog basking was demonstrated. Sheets of polyimide
patterned with various types of LIG were used to collect water from fog, with a collection rate similar to other recent
but more complicated approaches. An environmental scanning electron microscope (ESEM) was used to investigate
the condensation and wetting of water on LIG at the microscale.
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A.3. Smart and self-healing materials

ID 74 - Advances in isocyanate microencapsulation for new ecological and mono-component
adhesives

Monica V. Loureirol, Antonio Aguiar2, Isabel Pinho2, Jodo Bordadol, Ana C. Marques1
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1049-001 Lisboa, Portugal

2CIPADE—Industria e Investigagdo de Produtos Adesivos, SA. Av. lede Maio, 518 Z. Industrial I, Apt. 82,3701-909 Séo Jodo
da Madeira, Portugal

Adhesives used in the footwear industries typically result from two-component formulations, consisting of isocyanate
species (cross-linkers) and a polyol-based component (OH prepolymer). The present work aims to develop a new
mono-component adhesive in which microencapsulated isocyanate is added to the OH prepolymer, preventing health
hazards associated with the direct contact to isocyanate. The microcapsules (MCs) are designed to respond to the
external stimuli of pressure and/or temperature applied during the footwear manufacture, at the same time offering
enough storage stability and chemical resistance.

The solvent evaporation technique combined with a double microemulsion system was used to obtain MCs with a
polycaprolactone (PCL) shell by a purely physical process, containing monomeric but also more reactive oligomeric
isocyanate species. The newly developed MCs contrast with the Polyurethane/Polyurea (PU/PUa) ones, synthetized
using the interfacial polymerization technique, typically used for the isocyanate microencapsulation: (i)
biodegradability of PCL, which makes these MCs not a microplastic, by definition, (ii) a high hydrophobicity, which
contributes to a longer shelf-life, (iii) and a low melting temperature and low melting viscosity which enables the
melting process of the MCs and promotes the homogeneous distribution of the isocyanate within the adhesive joint
material.

Optimization studies using the MODDE® software enabled to obtain MCs with a core-shell morphology, a high
encapsulation rate of 60 wt%, and a narrow size distribution.
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Figure 1. A) and B) SEM images of the PCL MCs containing encapsulated isocyanate C) PCL MCs’ size distribution D) TGA
of the PCL MCs, PCL MCs afther 3 months and respective components.

The present work brings an advance to the state of the art, in what regards the encapsulation of reactive isocyanate
species to increase their shelf-life and response to external stimuli.

Name: Monica de Jesus Veiga Loureiro
Address: Instituto Superior Técnico, Av. Rovisco Pais 1, 1049-001 Lisboa
Contact: monica.loureiro@tecnico.ulisboa.pt



A.4. Surfaces & Interfaces

ID 131 - Anti-slipping Winter Shoe-soles: A Nature Inspired Solution
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Walking on dry/wet ice during winters is troublesome, as Slips and Falls (SFs) appear to be a major challenge. SFs
result in millions of severe injuries every year in Nordic regions of Europe, USA, Canada, and UK. These injuries
cost billions of euros on economic fronts (healthcare, insurance burdens), loss of skilled workers for industries (the
workers who face SF during their travel to work or else), permanent injuries, and deaths. SFs rank second among the
causes of human injuries. The existing solutions to avoid or reduce SF injuries on icy surfaces composed of the use
of spikes/crampons/studs, anti-slipping shoes with changed tread patterns or modified sole materials. However,
prolonged and indoor use of spikes/crampons is not possible. Elderly people cannot use them and putting on/off is
another challenge. Modified anti-slipping shoes lose their effectiveness quickly and once the ice sticks or fills up the
patterns, they become inefficient. Some better modified anti-slipping shoes are very expensive. We propose a nature
inspired laser-based tailoring of the shoe-sole to reduce SFs on icy surfaces. The prominent cause SF on ice is a
micro-layer of water (wet ice) on the surface. The inspiration from gecko and frog provides a solution as these
creatures have excellent surface adhesiveness on wet or dry surface. Shoe-sole material (silicone rubber) is laser
textured combining hierarchical structures inspired from gecko and frog foot. The textures offer adhesion because of
the van der Waal and capillary forces. The solution offers better protection against SFs on icy surfaces.



ID 207 - Surface treatment of stainless steel 316L towards poly(L- lactic) acid polymer adhesion

Maxim Ivanov'”, Jilio R. H. Rocha' and Paula M. Vilarinho'
Department of Materials and Ceramic Engineering, CICECO — Aveiro Institute of Material, University of Aveiro, 3810-193
Aveiro, Portugal

In the current work we provide an approach for efficient functionalization of the surface of medical grade Stainless
Steel 316L (SS316L) for the successful application of a thin film of the polymer poly(L- lactic) acid towards
pronounced bioactivity. Two methods, thermal action and UV irradiation, we confirmed suited well for the treatment
procedures due to the formation of OH groups on the metal surface being of great importance for the silanization
process. The use of conventional thermal treatment procedure causes toxic chromium oxide formation while the UV-
irradiated SS316L substrates were found identical to those of pristine ones without prominent surface changes. The
effect of charge trapping on the surface after both treatments was observed playing a significant role in drastic
changes in the work function regarding pristine SS316L. The UV treatment was solely found allowing control of the
electrocatalytic activity of SS316L substrate. The effect of clusterization was observed in thermally treated substrates
due to the low value of contact angle (28.07 £3) and increased value of work function (¢= 5.2 eV). This causes the
better results of the cross-hatch test demonstrated for the PLLA film deposited on the UV treated SS316L substrates
due to significantly increased adhesion forces.

Acknowledgments: This work was done in the scope of the project “Advanced BioMEMs for tissue engineering:
applications in hard tissue (BioMEMs)”, POCI-01-0145- FED-ER-032095. The authors thank CICECO-Aveiro
Institute of Materials, UIDB/50011/2020, UIDP/50011/2020 & LA/P/0006/2020, financed by national funds through
the FCT/MEC (PIDDAC).
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A.5. Energy and environment materials

ID 28 - Sodium and Potassium ion rich ferroelectric solid electrolytes for electrode-less
structural batteries

Mafalda Valentel,2, M. Helena Bragal

1Engineering Physics Department, Engineering Faculty, University of Porto, R. Dr. Roberto Frias s/n, 4200-465 Porto,
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2Metallurgical and Materials Engineering Department, Engineering Faculty, University of Porto, R. Dr. Roberto Frias s/n,
4200-465 Porto, Portugal;

The transition to a sustainable society is vital and requires electrification. In paving the way for a more ecological
energy world, sodium and potassium ion-based electrolytes will likely play an important role in energy storage
as these elements are very abundant. The latter cations and chlorides are especially interesting since life on the planet
is somehow based on biological transfers of these ions through cell membranes. K+ is the key charge carrier in
plants.

Here, we characterize electrochemically, and electrostatically, novel electrolytes, K2.99Ba0.005ClO, and
compare their performance with Na2.99Ba0.005CIO in asymmetric structural electrode-less cells, such as
Al/K2.99Ba0.005C10 composite/Cu, Al/Na2.99Ba0.005C10 composite/Cu, Zn/Na2.99Ba0.005CIO composite/Cu,
and Zn/K2.99Ba0.005CIO composite/Cu at temperatures that range from 0 to 40°C. As in Na+-based electrolytes,
the ferroelectric character of the K+-based electrolytes is well recognizable, especially at 40°C in
Al/K2.99Ba0.005C10 composite/Cu asymmetric structural electrode-less cells and
Zn/K2.99Ba0.005CIO composite/Cu asymmetric. As in Na+-based electrodes-less structural battery cells, self-
charge and self-cycling phenomena are also demonstrated reinforcing the ferroelectric nature of the A3CIO (A = Li,
Na, and K) family of electrolytes. These studies may contribute to understanding K+ and Na+ transfer behavior in
energy harvesting and storage as well as the biologic world.

Presenting author: R. Dr. Roberto Frias s/n, 4200-465 Porto, Portugal; +351 910166006;
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ID 148 - Chitosan modified silica aerogels for the adsorption of pollutants
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Wastewaters can feature several types of pollutants. Of great relevance are heavy metals and antibiotics, the presence
of the latter in wastewaters is not regulated in the EU. Antibiotics have been giving increasing attention, due to their
effect on marine life and on the surge of antibiotic resistant bacteria. In this work, chitosan and silica are used to
create hybrid aerogels for the removal of pollutants belonging to the aforementioned groups from wastewaters.
Chitosan is widely studied for its antimicrobial activity, biodegradability and biocompatibility. It also features amine
functional groups that are important for the sorption of several pollutants. Silica aerogels are versatile, extremely
light and porous materials, which is why they were previously employed as adsorbents. The aerogels are obtained by
reticulating the polymeric chitosan chains with silane moieties to form cohesive gels, followed by freeze-drying.
Their chemical composition and structural properties are assessed. The impact of the addition of the silica phase is
evaluated, in comparison to chitosan reticulated gels and the pristine chitosan powder. The adsorption performance
of the different gels towards antibiotics (tetracycline) and metal ions (e.g., copper and nickel) is evaluated through
sorption isotherms and kinetics.
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ID 167 - A New Supramolecular Liquid for Energy-Storage Applications
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Santiago de Compostela, 15782 Santiago de Compostela, Spain

Aqueous non-lithium based rechargeable metal-ion batteries are emerging as promising energy storage devices
thanks to their attractive rate capability, long-cycle life, high safety, low cost, environmental-friendliness, and easy
assembly conditions. Nonetheless, the narrow electrochemical stability voltage window of aqueous batteries (~1.23
V), restricts the optimal choice of cathode and anode materials. This excludes most electrochemical couples that
occur above the output voltage of 1.5V, which limits the enhancement in energy density of full devices. Highly
concentrated “water-in-salt” (WIS) electrolytes can efficiently expand the stable operation window, which brings up
a series of aqueous high-voltage rechargeable batteries. In the WIS electrolytes, all water molecules participate in the
ion solvation shells, and no “free” water remainders can be found. This has been extensively used in lithium-ion
batteries (LIBs). However, the economic and environmental concerns, as well as the rarity and increasing
consumption of Li resources, restrain the scalable applications of lithium-based electrochemical devices. Recently,
aqueous zinc-ion batteries, due to their remarkable thermal stability, high theoretical specific capacity, intrinsic
safety, and low cost of the Zn metal, are considered to be the most promising alternative to LIBs. However, their
extensive applications are still limited by suitable aqueous electrolytes with excellent thermal properties and safety.
We have recently reported that hydrophobic solvation of small organic molecules triggers the formation of a unique,
highly incompressible supramolecular liquid, involving essentially all water molecules of the solvent. And this
translates to a broader electrochemical stability voltage window due to the corrosion resistant properties of this new
fluid when tested as electrolyte. More importantly, this new fluid has recently allowed the exploitation of fast
electron-transfer kinetics in a zinc-ion battery showing its potential in the energy-storage.

Reference: Lopez-Bueno, C.; Herreros-Lucas, C.; Suarez-Rodriguez, M.; Bittermann, M. R.; Amigo, A.; Woutersen,
S.; Giménez-Lopez, M.; Rivadulla, F.; A New Type of Supramolecular Fluid Based on H20-
Alkylammonium/Phosphonium Solutions, Angew. Chem. Int. Ed. 2021, 60, 7540 —7546.
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ID 191 - Sol-gel derived di-ureasil based ormolytes for electrochromic devices
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In the context of the United Nations Sustainable Development Goals for 2030 one of the major tasks in the world is
to improve energy efficiency and energy savings (goal 7) and to promote more sustainable cities and communities
(goal 11) [1]. Modern buildings have large fagade of windows and rooftops, that provide good daytime illumination,
but reduce the energy efficiency of the buildings.

To overcome this problem new technologies that use electrochromism have been proposed to control the amount of
sunlight (visible (VIS) radiation) and solar heat (near-infrared (NIR) radiation). This fine control will allow reducing
energy consumption, while increasing the occupant’s thermal and visual comfort. Electrochromic devices (ECDs)
undergo a reversible color change upon application of a small voltage (1-3 V). They present a multilayer structure:
an EC film of the cathodically coloring tungsten trioxide (WOs3), an electrolyte film, an EC film of the anodically
coloring nickel oxide (NiOy), and two outermost transparent conductive oxide (TCO) layers [2].

In the present work the sol-gel method [3] was employed to prepare a series of di-urea cross-linked
poly(oxyethylene)/siloxane (di-ureasil) hybrid electrolytes doped with a lithium salt, an ionic liquid (IL), or a mixture
of both. The structure, morphology, thermal behaviour, ionic conductivity and wettability of the resulting films was
characterized. The electrolytes with optimized formulations were used as ormolytes in the assembly of ECDs whose
electro-optical performance was evaluated by means of chronoamperometry, cyclic voltammetry, UV-VIS
spectroscopy, and colour coordinates calculation.
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A.6. Biomaterials and healthcare

ID 8 - Effect of bactericidal agents Ga and Cu on structural and mechanical properties of B-TiNb

alloys
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Institute for Complex Materials, Leibniz-IFW Dresden, Helmholtzstrasse 20, 01069 Dresden, Germany

Titanium is the material of choice for the manufacture of bone-related implants because of excellent corrosion
resistance and good biocompatibility. The occurrence of premature implant failure due to implant-associated
infections, however, remains a prominent concern for clinicians. One strategy of creating functional antibacterial
materials is adding a bactericidal alloying element which may prevent bacterial adhesion and colonization. Among
metals with antibacterial properties, copper and gallium have shown superior in vitro antibacterial performance [1].

With the aim of developing new antibacterial Ti-alloys, we produced by two steps casting (arc melting + cold crucible
casting) novel beta-TiNb alloys containing minor additions of Cu and Ga.

In the present study we investigated the structure and mechanical properties of three novel Ti alloys: (Ti-45Nb)-4Ga,
(Ti-45Nb)-4Cu and (Ti-45Nb)-2Ga-2Cu (wt. %) Microstructural investigations revealed a beta (bcc) single-phase
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structure with coarse equiaxed grains in all alloys. The measured
Young’s moduli are lower (E = 69 + 100 GPa) than those of
clinically used metallic biomaterials. Microhardness and
strength are observed to be higher in the quaternary alloy. Their
elastic admissible strain (stress-to-modulus ratio; € = 0.50 +

| 0.90), makes them potentially suitable for load-bearing implant
| applications if compared to CP-Ti (¢ = 0.46) or SUS 316L steel

(e = 0.09) [2].

| This project received funding from the EU’s Horizon 2020
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Mesoporous bioactive glass (MBG) is an extensively studied material for the healing of bone defects due to its
controlled mesoporous texture, large surface area and ability to bond with living bone tissues provides a smart
platform for bone regenerative medicines. Its properties can be tailored by introducing metallic ions such as
strontium(Sr) and copper(Cu) which can offer osteogenesis, angiogenesis and antibacterial effects on bone formation
[1]. In the present study Cu and Sr ions are co-doped (ratiol:1) upto 2 mol% each in 80Si0»-(15-x)CaO-5P,0s MBG
structure and synthesized using sol-gel and evaporation induced self-assembly technique. XRD conﬁrmed the
amorphous nature of the glass while Raman confirmed the presence of Si-O-Si and P-
O bands. Compositional analysis were done by ICP-OES, confirmed the presence of
dopant ions in added amounts. However, the amount of phosphorus was less compared
to the nominal compositions. Surface area of co-doped powders was relatively high
upto 378 m?%g in comparison to base glass (upto 254 m?/g). All the powders were
scanned by TEM showing a fringe pattern that represents the formation of a highly
ordered mesoporous structure. The CuSr doped MBG showed a positive effect on
apatite formation when immersed in SBF, although the release rate of Cu and Sr ions
was relatively slow for Imol.% of co-doping which signifies stable net structure of the
glass. The apatite layer was further confirmed by XRD and SEM. The results
suggested that CuSr doped MBG can be used for multifunctional applications such as bloactlve fillers and drug
delivery system.

Reference: 1. Balasubramanian, Preethi, Antonio J. Salinas, Sandra Sanchez-Salcedo, Rainer Detsch, Maria Vallet-
Regi, and Aldo R. Boccaccini. "Induction of VEGF secretion from bone marrow stromal cell line (ST-2) by the
dissolution products of mesoporous silica glass particles containing CuO and SrO." Journal of Non-Crystalline Solids
500 (2018): 217-224.
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system
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ID 79 - Synthesis and Characterization of Silicate and Zinc Co-Substituted Hydroxyapatite
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UK.

The use of bioactive materials in bone repair and regeneration has been of interest for several years. Ideally, an
implant would assist in the tissue repair and then be resorbed by the body. One way to accomplish this is to use
composites comprising a biodegradable polymer matrix reinforced with bioactive ceramic filler particles. At the same
time, implant-related infections are a significant problem, therefore it would be ideal if the composites could offer
antibacterial properties.

The objective of this work is to explore the production and incorporation of silicon and zinc ions into hydroxyapatite
(HAp), to produce a ceramic filler material with a combination of antibacterial and osteoconductive
properties. However, to understand the effects of the material on the biological response, it is important to
characterise fully the materials that have been produced.

To that end phase pure powders of HAp, Si-HAp (1.5 wt% Si), Zn-HAp (0.65 wt% Zn), and Si-Zn-HAp (1.5 wt%
Si, 0.65 wt% Zn) were synthesised using a wet precipitation method. All materials were thoroughly characterised
using X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and X-ray fluorescence (XRF) to
confirm phase purity, the presence of the substituting species, and quantify trace elements. Scanning electron
microscopy (SEM) and laser diffraction were used to investigate morphology and particle size. The powders were
also processed into dense ceramic discs for further testing.

Phase pure, single and co-substituted apatites have been successfully prepared in both powder and sintered forms and
will be investigated regarding their antibacterial potential.

Presenting author: Tim Kreuz, Department of Materials Science and Metallurgy, University of Cambridge,
27 Charles Babbage Road, Cambridge, CB3 OFS, UK.
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Orthopedic implants for load-bearing applications are usually composed of titanium-based materials. However,
insufficient bioactivity of metallic materials impairs the bonding with bone, compromising osseointegration at an
early stage. The implant-bone interface may be improved by regulating some surface properties of the biomaterials,
including surface chemical composition, surface energy, roughness and topography, which influence the behavior of
bone cells.

In the present study, commercially pure titanium and Ti6Al4V alloy were used to investigate the effect of three
surface treatments, after performing two different chemical pre-treatments, on the characteristics of the obtained
oxide films. Regarding the pre-treatments, no major differences were observed between performing alcohol cleaning
or acidic pre-treatment, considering the surface crystallinity, roughness and wettability. However, the TiO2 layer
formed upon anodic oxidation, hydrothermal treatment and anodic oxidation followed by hydrothermal treatment
presented different characteristics regarding its crystallinity, roughness, thickness and wettability.

This study compared specific surface treatments and the hydrothermal treatment is proposed as a simple treatment
capable of improving the characteristics of the implant surface, thereby promoting osteoconductivity. In fact, the
culture of human Mesenchymal Stem Cells on Ti-based materials subjected to hydrothermal treatment and
consequent induction of osteogenic differentiation confirm the improved surface characteristics.

Acknowledgements: This work was supported by FCT (Fundag@o para a Ciéncia e Tecnologia) through the grant
SFRH/BD/141056/2018 and the projects PTDC/EME-EME/1442/2020, POCI-01-0145-FEDER-030498,
UID/EEA/04436/2019 and UIDB/04436/2020. In addition, this work was developed within the scope of the project
CICECO-Aveiro Institute of Materials, UIDB/50011/2020, UIDP/50011/2020 & LA/P/0006/2020, financed by
national funds through the FCT/MEC (PIDDAC).
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ID 95 - ATR-FTIR/Micro-Raman Spectroscopy are powerful techniques to disclose chemistry and
polymerization of novel smart self-adhesive composites
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Understanding physico-chemical properties of dental composites is pivotal to predict their behaviour in the oral
environment. However, it is often required to employ several different techniques to characterize materials. To
overcome this, vibrational spectroscopy can be used to simultaneously assess chemical composition, filler
type/distribution, filler/polymer ratios, and free-radical addition polymerization kinetics of composites. Three
commercial self-adhesive materials (Activa™ Kids, AK; Constic, CC and Vertise™ Flow, VF) and one experimental
(SMART 1) were tested. SMART 1 was prepared by combining urethane dimethacrylate, poly(propylene glycol)
dimethacrylate and adhesive monomer 4-META, with a hybrid glass filler phase containing remineralising particles
of monocalcium phosphate and antibacterial poly-I-lysine (powder/liquid ratio=3:1). An ATR-FTIR was used to
determine real-time polymerisation kinetics of 2x10 mm composite discs (37°C). A semi-quantitative model was
constructed based on the Beer-Lambert Law to analyze composition. Polymerized discs were polished and assessed
using micro-Raman, by mapping a 40x40 wm area to characterize filler chemistry/dispersion. ANOVA with Tukey’s
HSD were employed to compare means (a=0.05). Modelling was consistent with CC/VF having 35% Bis-GMA and
AK 45% UDMA. Degree of conversion was largely material-dependent (ANOVA, p<0.001), with Constic showing
the highest (82+2%), while ACTIVA the lowest (67+2%). Rates showed a similar trend. Shrinkage was greater in
Constic (5.8+0.1 vol%) and VF (5.3+0.1) when compared to SMART 1 (4.640.1; p<0.05). ACTIVA showed the
largest particles (>12 pm), with a high filler/polymer ratio, while CC/VF had similar microstructural features. It can
be concluded that ATR-FTIR/Raman techniques are especially valuable to characterize novel dental polymer
formulations and compare them to commercial competitors.

Presenting author: Instituto Universitario Egas Moniz, Campus Universitario, Quinta da Granja, Monte de
Caparica 2829-511, Almada Portugal



ID 96 - Engineered porous FeMn alloys with addition of Ag as antibacterial element for
biodegradable implant applications

Aleksandra Bartkowskal, Oriol Careta2, Carme Nogues2, Eva Pellicerl, Jordi Sort1,3

1Departament de Fisica, Universitat Autonoma de Barcelona, 08193 Bellaterra (Cerdanyola del Valles), Spain

2 Departament de Biologia Cel-lular, Fisiologia i Immunologia, Universitat Autonoma de Barcelona, Bellaterra, (Cerdanyola
del Valles), E-08193, Spain

3Institucio Catalana de Recerca i Estudis Avancats (ICREA), Pg. Lluis Companys 23, 08180 Barcelona, Spain

Biodegradable implants constitute a new generation of biomedical materials that are being developed to assist the
tissue healing processes and gradually corrode and degrade in-vivo after their function is being fulfilled. Among
others, Fe-based alloys show promising mechanical properties such as ductility and high ultimate strength. However,
the corrosion rate of those implants is relatively slow, therefore alloying with other elements such as Mn, is studied
to accelerate the biodegradation rate.

In this study, porous Fe-Mn alloys with additions of Ag have
, been fabricated via powder metallurgy route and characterized
~ in terms of their microstructure, mechanical and magnetic
properties, degradation behavior, biocompatibility and
antimicrobial performance. With this purpose in mind, four
' different compositions have been designed — equiatomic FeMn
alloys, and FeMn alloys with 1,3 and 5 wt.% of silver

o =M1 additions. Antibacterial Ag, aimed at limiting the infection
rates of implants, is added to the FesoMnso base alloy using mechanical alloying of metallic powders. The high content
of Mn is proposed to ensure the non-magnetic character of the investigated alloys, even during degradation. A long-
term biodegradability test has been performed in terms of ion release and degradation surface analysis (see figure) as
well as the evolution of magnetic properties upon immersion.

Fe-Mn-xAg al Degradation layer

Our results reveal that porous, non-cytotoxic, metallic FeMn-based biomaterials with higher degradation rates can
be fabricated by the powder metallurgy route. The addition of Ag is believed not only to accelerate the corrosion rate
but also to limit the biofilm formation on the surface of implants.

Presenting author: Aleksandra Bartkowska, Departament de Fisica, Universitat Autonoma de Barcelona,
08193 Bellaterra (Cerdanyola del Vallés), Spain, email: aleksandra.bartkowska@uab.cat.
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Ti-based biomaterials have been widely used for decades in the medical industry for hard tissue implant applications.
This is possible due to their superior properties like high load-bearing capacity, corrosion resistance, and relatively
low young’s modulus. However, due to both the high stress-shielding effect and biofilm formation, there are several
cases of implant rejection in the patient’s body. To overcome this problem, a novel composition of
Tis0CusoZr11FesSnzAgs at% was developed containing good glass formers and biocompatible elements. Metallic glass
ribbons of 50 um thickness and 10 mm width was developed using melt spinning technique. In order to produce
antimicrobial implant materials for inhibition of biofilm formation, the surface of the ribbon sample was chemically
modified using chemical dealloying to selectively remove Cu atoms from the surface of the ribbon samples. In this
study, we investigated the effect of several electrolytes (FeCl;, HNOs, HF, (NH4)2S,0s, H2SOy, piranha solution,
aqua regia, NaOH, artificial seawater) on dealloying of Cu and optimized dealloying parameters like temperature,
electrolyte concentration, and time for producing nanoporous structure on ribbon samples. The surface morphology
and composition of dealloyed samples was investigated using XRD, SEM and EDS analysis. Further, the wettability,
hemocompatibility, and antibacterial activity of the dealloyed samples were investigated to understand the surface
chemistry and antimicrobial property for potential application as hard tissue implant material.

Acknowledgement:
This study was performed in the frame of the Bioremia project that has received funding from the European Union’s
Horizon 2020 research and innovation programme under the Marie Sktodowska-Curie grant agreement No. 861046.

Presenting author: Kirti Tiwari, Dipartimento di Chimica and NIS, Universita degli Studi di Torino, Via
Pietro Giuria 7, 10125 Torino, Italy, email: kirti.tiwari@unito.it



ID 143 - Laser-assisted surface modification of zirconia-based materials to guide osteoblast
response for dental applications

Nerea Garcia de Albeniz'2", J.J. Roa Rovira', E. Jimenez Piqué', C. Mas Moruno?

! Center for Structural Integrity, Reliability and Micromechanics of Materials (CIEFMA), Department of Materials Science
and Engineering, Universitat Politecnica de Catalunya, 08019 Barcelona, Spain

2 Biomaterials, Biomechanics and Tissue Engineering Group (BBT), Department of Materials Science and Engineering,
Universitat Politecnica de Catalunya, 08019 Barcelona, Spain

The surface topography of dental implants is a key parameter to achieve a strong and direct integration with the
surrounding bone, however, the optimal topography that maximizes the osseointegration still remains unclear.
Considering that, laser surface micro-patterning of dental-grade zirconia (3Y-TZP) was explored with the objective
of providing a topography able to guide bone-cell response. A nanosecond laser was employed to fabricate micro-
groove patterns on the surface of 3Y-TZP discs, yielding three different topographies according to the groove
periodicity (30, 50 and 100um). The resulting topography, surface damage and hydrothermal degradation behaviour
was assessed by means of advanced characterization techniques. A cellular study was conducted to evaluate the
behaviour of human mesenchymal stem cells (MSCs) on the patterned samples in terms of adhesion and cell
morphology. The topographical analysis of the three patterns showed grooves of approximately 1.7um height that
exhibited surface damage in the form of pile-up, microcracks and cavities due to the melting and re-solidification
associated to the nanosecond regime. The accelerated aging test revealed a slight decrease in the hydrothermal
degradation resistance after the laser patterning, and interestingly, a non-homogeneous monoclinic phase distribution
was observed along the laser textured surfaces. Finally, the three micropatterns enabled MSC attachment and
increased cell area compared to polished zirconia. Moreover, cell morphology and alignment were influenced by the
periodicity of the patterns. Among all the microtopographies, only the 50um periodicity, which better mimics the
size of the cells, significantly favoured cell elongation and alignment along the grooves, which is associated with a
higher cell migration, thus paving the way to further explore this topographical pattern to tune the response of MSCs
on dental zirconia.

Acknowledgements: We thank the Agencia Estatal de Investigacion for funding (PID2020-114019RB-
100/AEI/10.13039/501100011033), the AGAUR for a predoctoral fellowship (2021 FI_B 00998) and SOCIEMAT.

Presenting author: Nerea Garcia de Albeniz — nerea.garcia.de.albeniz@upc.edu



ID 174 - Tackling implant infections: chitosan layers loaded with
gold nanoparticle conjugated with gentamicin for orthopedic applications

Kamil Kleszcz?, Agnieszka Kyziol°, Krzysztof Mars?, Mateusz Marzec®, Halina Krawiec?, Marek Hebda®,
Karol Kyziof*

@ Faculty of Materials Science and Ceramics, AGH University of Science and Technology, A.Mickiewicza Av. 30, 30 059
Krakow, Poland

b Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30 387 Krakéw, Poland

¢ AGH University of Science and Technology Academic Centre for Materials and Nanotechnology, 30 A. Mickiewicz Ave., 30-
059 Krakow, Poland

4 Faculty of Foundry Engineering, AGH University of Science and Technology, Reymonta 23, 30 059 Krakéw, Poland

¢ Faculty of Materials Engineering and Physics, Cracow University of Technology, Warszawska 24, 31 155 Krakow, Poland

The trends in development of novel biomaterials put a heavy emphasis on their antibacterial properties, as implant
infections lead to substantial amount of revision surgeries today. Early and precise treatment is crucial due to change
in the state of opportunistic bacteria colonizing implant surface, from planktonic to sessile biofilm. This
transformation makes conventional antibiotic treatment difficult, leading to persistent and chronic infections. Several
solutions are being described in recent literature, involving both the bacteriostatic and contact killing mechanisms.
The latter involves antibacterial nanoparticles, antibacterial peptides or antibiotics conjugated with nanocarriers.
Antibiotic conjugates gained considerable scientific attention, since they utilize existing drugs that are amplified or
modified by specific carrier, surpassing their limitations.

Our work presents a novel approach to handling the threat of bacterial infections in orthopedic applications by
modifying Ti6Al7Nb alloy with chitosan layers loaded with gold nanoparticle (AuNP) — gentamicin (GE) conjugates.
Mildly bacteriostatic chitosan provides biocompatible matrix for modified AuNPs. On the other hand, the usage of
AuNP-GE enables localized antibiotic delivery, using the ability of AuNPs to adhere to the bacterial cell walls. Size
of AuNPs (TEM, ZetaSizer) and subsequent chemical stages during conjugation (ATR-IR) were monitored. Layers
deposited on chemically etched titanium alloy, were thoroughly analyzed in terms of atomic and chemical
composition by means of EDS and IR spectroscopy. The topographical surface state after chemical treatment and
subsequent deposition were measured by SEM and optical profilometry. Finally, functional parameters, such as
mechanical parameters and corrosion resistance, as well as biological and antibacterial properties were examined.
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ID 180 - Near-infrared light-responsive nanoparticles as an efficient carrier to cross the blood-brain
barrier
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Currently, there are no effective therapies available to completely reboot the brain function after occurence of
neurodegenerative diseases. Blood-brain barrier (BBB) is a bottleneck in development of drugs or drug carriers for
the treatment of brain diseases. The transient opening of the BBB using the heat generating nanoparticles (NPs) upon
near-infrared (NIR) light exposure has been proposed to target the brain. However, it remains elusive if the local heat
can activate pro-inflammatory conditions, which affect the integrity of BBB. Here, we demonstrate that cytokines
and chemokines released by macrophages after exposure of PDA NPs and NIR light do not compromise the integrity
of BBB model.

We have synthesized 633 nm PDA NPs, which is conjugated with 180 transferrin (Tf) peptides. Results obtained
from in vitro BBB model showed that 50 pg/mL of Tf180-PDA NPs crossed the BBB more efficiently than the PDA
NPs after the exposure of NIR light (wavelength 785 nm, power density 2W/cm2) for 5 min. Importantly, 50 pg/mL
Tf180-PDA NPs and PDA NPs do not affect the integrity of the BBB after the exposure of NIR light. There is no
significant change in the integrity of in vitro BBB model after incubation with the conditional media containing
cytokines/chemokines secreted by mouse macrophages.

We show that light responsive Tf180-PDA NPs can transiently open the BBB upon the exposure of NIR light and
thereby promoting greater crossing of NPs.

Acknowledgements: RF and AR would like to thank FCT investigator grant (IF/00539/2015).
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This work present for the first time highly stretchable and tough hydrogels with controlled light-triggered
photodegradation. A double-network (DN) of alginate/polyacrylamide (PAAm) is formed by using covalently and
ionically crosslinked subnetworks. The ionic Ca*" alginate interpenetrates a PAAm network covalently crosslinked
by a bifunctional acrylic crosslinker containing the photodegradable o-nitrobenzyl (ONB) core instead of the
commonly used methylene bisacrylamide (MBAA). Remarkably, due to the developed protocol, the change of the
crosslinker did not affect the hydrogels’ mechanical properties. The incorporation of photosensitive components in
hydrogels allows external temporal control of their properties and tuneable degradation. Rheological and mechanical
analysis demonstrated the loss of properties of ONB based DN hydrogel after irradiation, confirming the efficient
destruction of the covalently crosslinked network, resulting in the loss of mechanical properties. Scanning electron
microscopy (SEM) analyses also visually confirmed the network photodegradation. Cell viability and cell
proliferation assays revealed that hydrogels and their photodegradation products are not cytotoxic to the NIH3T3 cell
line. In one example of application, these hydrogels were used for bio-potential acquisition in wearable
electrocardiography. Surprisingly, these hydrogels showed a lower skin-electrode impedance, compared to the
common medical grade Ag/AgCl electrodes. This work lays the foundation for the next generation of environmentally
friendly though and highly stretchable hydrogels in a variety of fields such as health, electronics, and energy, as they
combine excellent mechanical properties with controlled degradation.
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Figure 1. Overview of the approach. (A) Structure of ONB based hydrogel. After UV irradiation, the ONB crosslinkers undergo an irreversible
photocleavage, breaking the PAAm hydrogel crosslinks. When stretched the PAAm network cannot stabilize the deformation, while the
alginate network unzips progressively, resulting in a high loss of mechanical properties. (B) Stress-strain curves curves of photo-degradable
hydrogel without and after irradiation (C) Representative SEM images of the cross-section morphologies of photo-degradable hydrogels before
and after 24 h of irradiation.
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The rejection of dental implants can be minimized by modifying implant surface properties.

This research is focused on the surface modification of metallic tantalum (Ta), by plasma electrolytic oxidation
(PEO), to promote surface bioactivity and accelerate the osseointegration by mimicking the bone’s morphology and
chemical, with the formation of micro/nano-porous structures and the incorporation of osteoconductive elements.
Over these bioactive surfaces, zinc (Zn) nanoparticles (NPs) with and without a thin carbon (C) layer are deposited
by magnetron sputtering to endow them with antimicrobial activity.

Different NPs quantities were tested. Increasing the deposition time and/or decreasing the working pressure, a higher
Zn amount was deposited. The zinc ions release increased with the Zn quantity and decreased with the carbon layer
addition. The chosen optimized surfaces, the ones with lower and higher ionic release, were studied regarding the
antimicrobial activity and corrosion resistance. The Zn NPs significantly improved the antimicrobial activity, as the
higher quantity of Zn NPs showed the highest C. albicans growth inhibition. The corrosion results revealed that the
formation of Ta,Os sharply improved the corrosion behavior, compared to untreated Ta surfaces. The incorporation
of Zn NPs promoted the degradation of corrosion resistance, which improved as a function of immersion time and
became closer to the porous Ta,Os surface corrosion behavior.

The results prove the NPs ability to avoid biofilm formation and did not compromise the corrosion resistance of the
porous TayOs surface. Thus, PEO and magnetron sputtering are promising surface modification techniques for
functionalize Ta surfaces for dental implants.

C. Rebelo: CFUM-UP, Physics Department, University of Minho, Campus of Azurém, 4800-058
Guimaraes, Portugal; catarina_rebelo07@hotmail.com
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ID 11 - Development and testing of a SMA-based proof of concept bending micro-actuator

A. Fortini, A. Suman, O. Tyc*, L. Kadetavek*, L. Heller*, P. Sittner*

Department of Engineering - University of Ferrara, via Saragat 1, 44122 Ferrara, Italy, annalisa.fortini@unife.it
Department of Engineering - University of Ferrara, via Saragat 1, 44122 Ferrara, Italy
*Institute of Physics of the CAS, Na Slovance 1992/2, 18221 Prague, Czech Republic

Shape memory alloys (SMAs) represent a highly attractive technological solution for the development of simple and
reliable smart thermally driven actuators with sensing capability. The SMA functional thermomechanical behaviors
derive from diffusionless martensitic phase transformation. Thermally driven SMA actuators (via Joule heating
and/or environmental heating/cooling) display reversible strain changes. Slow cooling in the temperature range 20-
90 °C of represents a drawback of SMA actuators while a very high power/volume ratio is the greatest advantage.
This study aims at the development of a smart micro sensor/actuator for ventilation systems consisting in bent NiTi
alloy ribbon embedded into a soft 3D-printed polymeric case. Since the NiTi element works against the bending
stiffness of the host polymer matrix, reversible bending deformation is obtained upon thermal cycling. The operation
of the smart actuator relies on the optimized recoverable bending deformation of the NiTi ribbon in the desired
temperature range and on the elasticity of the polymer. The micro sensor/actuator was designed, fabricated and tested
in a purpose-built test bench, where the heating cooling was achieved via forced airflows as common in ventilation
systems. Thermomechanical characteristics of the NiTi ribbon in bending mode (necessary for the design) were
evaluated by dynamic mechanical analysis. Various NiTi ribbon geometries, transformation temperatures, shape
setting parameters and geometries of the 3D-printed polymeric case were considered in the design of the actuator.
The obtained results demonstrate that a smart SMA micro sensor/actuator with optimized functionality can be
designed and built via combining bent NiTi ribbon in 3D printed polymer case.



ID 163 - Shape memory soft actuation exploiting multimaterial functionalization: design and
control

Fabio Lazzari'**, Jacopo Romano'~, Lorenzo Garavaglia', Simone Pittaccio!
1. Institute of Condensed Matter Chemistry and Tecnologies for Energy (CNR-ICMATE), Lecco, Italy
2. Polytechnic of Milan, Department of Chemistry, Materials and Chemical Engineering (CMIC), Milano, Italy

Shape memory alloys (SMA) are often employed in the fabrication of soft actuators, thanks to their inherent flexibility
and high energy density [1]. However, their bandwidth is limited by the rather slow cooling rates, unless active
cooling is employed. This work explores opportunities offered by the embedding of the SMA element in a
functionalized matrix able to address not only external mechanical interfacing, but also thermal exchange and
controllability, without the need for active cooling.

We shall present modelling and experimental results showing that an elastomeric matrix functionalized with carbon
nanoparticles (CNP), particularly when coupled with a tailored switched controller that manages system
nonlinearities, is able to improve the operation characteristics of multimaterial soft actuators based on SMA-based
technology. Ternary NiTiCu has been selected thanks to its low hysteresis, providing faster response. The
optimization of the SMA is carried out with an innovative technique that ensures high cyclic stability and mechanical
properties [2]. The matrix characteristics, and the effect of variable CNP additions are described from the mechanical
and calorimetric points of view. Furthermore, important aspects relating to the design of multimaterial interaction
will be discussed. The methods employed in this work are suitable for the fabrication of soft miniactuators for
application in different industrial and biomedical fields.
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2. PITTACCIO, Simone, et al. Electric resistance monitoring as a method for controlling shape memory alloy
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ID 113 - Advanced waste-based magnetic activated carbon towards the removal of ubiquitous
emerging contaminants from wastewater

Diogo Pereira®*, Maria V. Gil®, Nuno J. Silva®, Marta Otero®? Vania Calisto®

aUniversity of Aveiro & CESAM, 3810-193 Aveiro, Portugal

binstituto de Ciencia y Tecnologia del Carbono, INCAR-CSIC, Francisco Pintado Fe 26, 33011 Oviedo, Spain
cDepartment of Physics & CICECO, University of Aveiro, 3810-193 Aveiro, Portugal

dDepartment of Applied Chemistry and Physics, Universidad de Leon, Campus de Vegazana, 24071 Leon, Spain
* diogoepereira@ua.pt

Powdered activated carbon (PAC) has proven to be highly efficient in the removal of persistent microcontaminants,
such as pharmaceuticals, from water. A generalized incorporation of PAC into conventional wastewater treatment
plants — not designed to remove pharmaceuticals — is still limited due to its small particle size, which hampers the
recuperation of the spent material from the treated effluent. This work aims at producing magnetic activated carbon
(MAC) through microwave pyrolysis and chemical activation of primary sludge from the paper mill industry, with
subsequent magnetization using magnetic iron oxides. Hence, a waste-based MAC was produced via an ex-situ
synthesis route by simply combining PAC with synthesized magnetic iron oxide particles in a water suspension at a
controlled pH. The physicochemical characterization of the produced MAC revealed remarkable properties regarding
not only specific surface area (Sger = 795 m? g'!), but also saturation magnetization (Ms = 19 emu g'), while the
XRD and XPS analyses confirmed the presence of magnetite/maghemite. The antiepileptic carbamazepine (CBZ),
the anti-inflammatory ibuprofen (IBU), and the antibiotic sulfamethoxazole (SMX) — listed in the last EU surface
water watch-list (Decision 2020/1161) — were used to perform adsorption tests with MAC in wastewater. The very
fast kinetics of MAC proved the versatility and broad applicability of this material in the adsorption of
pharmaceuticals. The maximum adsorption capacities (gm), determined by the Langmuir adsorption model, were
noteworthy: 468 + 20 umol g!' for CBZ, 145 £ 10 pmol g for SMX, and 273 + 8 umol g for IBU. These results
demonstrated the promising performance of a waste-based ex-situ MAC synthetized by microwave pyrolysis, which
is rapidly retrievable from water, as an alternative tertiary wastewater treatment for pharmaceutical removal.

Acknowledgments: Diogo Pereira thanks to FCT for his PhD grant (2020.05389.BD). Maria V. Gil acknowledges
support from a Ramoén y Cajal grant (RYC-2017- 21937) of the Spanish government, co-finance by the European
Social Fund.
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ID 211 - Crystal growth and electrochemical intercalation of a frustrated magnet a-RuCls
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SVan der Waals-Zeeman Institute, University of Amsterdam, The Netherlands

Frustrated magnets are quantum materials with localized magnetic moments, whose competing interactions cannot
be simultaneously satisfied. a-RuCl; is a frustrated magnet with a honeycomb structure of Ru** (Jer= %) magnetic
moments. Thanks to the strong spin-orbit coupling, it is close to the realization of a quantum spin liquid ground state
as captured by the Kitaev model [1]. In experiment, a-RuCl; orders antiferromagnetically at 7 K (4BC stacking) or
14 K (4B stacking). This transition can be suppressed by applying high magnetic fields [2], which signals the possible
formation of a quantum spin liquid. This exotic state gains attention thanks to a potential application in quantum
computing [3]. We explore chemical routes to tune the magnetic and electronic properties of a-RuCls, namely to
suppress the antiferromagnetic transition.

We conduct electrochemical intercalation of the alkali-metal ions (Li*, Na*, K*) in polycrystalline powders and single
crystals of a-RuCl; in organic and aqueous electrolytes. a-RuCls has a layered structure, so intercalation is expected
into the van der Waals gaps. Temperature- and field-dependent magnetization measurements are performed on a
SQUID magnetometer.

The formation of stable intercalates is evidenced by X-ray and electron diffraction methods and by energy-dispersive
X-ray spectroscopy. The crystal structure of KiRuCl; (x=0.5-0.8) is determined via the 3D electron diffraction
technique. The crystal structure of Ko sRuCl; (space group P3m1, a = 6.058(11) A, ¢ =7.057(17) A, Ry = 0.1434) is
determined on nm-sized domains. Bulk crystals of Ko sRuCl; undergo an antiferromagnetic transition at ~2.1 K. For
LixRuCl; and Na,RuCls, operando x-ray diffraction studies are performed during Li- and Na-intercalation (x=0-0.7).
The unit cell parameter ¢ of LixRuCls and NayRuCls powders is 3 times larger than in pristine RuCls. LixRuCl; and
NaxRuCl; powders show paramagnetic behavior without any magnetic ordering down to 2 K.

To conclude, we find that alkali metal ions can be intercalated into the van der Waals gaps of a-RuCl; using an
electrochemical route, and this intercalation modifies the crystal structure and the magnetic properties of the a-RuCls
parent compound.

[1] A. Kitaev, Ann. Phys. 321, 2-111 (2006).
[2] A.U.B. Wolter et al., Phys. Rev. B 96, 041405 (2017).
[3] G. Semeghini et al., Science 374, 12421247 (2021).
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ID 61 - Fatigue Crack Initiation And Propagation Mechanisms In Quenching And Partitioning
(Q&P) Treated Stainless Steels
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IMDEA Materials Institute, Madrid, Spain

2Rina Consulting — CSM, Rome, Italy

SACERINOX, Los Barrios, Spain

In the last decade, the development of the quenching and partitioning (Q&P) heat treatment has led to new grades of
carbon steels that display a better-than-average balance of strength and ductility [1]. This Q&P treatment is also
suitable for certain stainless steels, combining this improved strength-ductility ratio with the inherent corrosion
resistance. However, this subject is still to be thoroughly studied given the scarce number of papers in the literature
about Q&P processing of stainless steels and even scarcer for their mechanical or functional properties. This work
aims to study the fatigue performance of Q&P treated martensitic stainless steel.

Three different stainless steels were subjected to Q&P treatment. Their microstructure was thoroughly analyzed using
electron backscatter diffraction (EBSD) and transmission electron microscopy (TEM) techniques. Special attention
was paid to the volume fraction and morphology of retained austenite. High cycle fatigue tests were carried out, and
a fatigue limit was determined for each material. Analysis of fatigue fracture surfaces was performed using scanning
electron microscopy (SEM) to identify the mechanisms of fatigue crack initiation and growth. It is shown that the
fatigue limit of the Q&P processed stainless steels is similar to their conventional counterparts. The effect of Q&P
microstructure on the fatigue behavior of stainless steels is discussed.

[1] Yinli, C., Lan, S., Ran D. et al. (2012) Quenching and annealing preparation method of ultrahigh-strength thin
steel plate for automobiles (CN102943169A) Beijing, China. CINPA China National Intellectual Property
Administration
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ID 120 - Development of Advanced High Modulus Steels for Automotive Applications

Sulayman Khan, Eric Palmiere, Martin Jackson
Sir Robert Hadlfield Building, Sheffield, S1 3JD, England (UK)
Department of Materials Science and Engineering (MSE)

By introducing a new element or changing the weight percent (wt.%) of an element within steel, improvements can
be observed in ultimate tensile strength, a key mechanical property in the automotive industry. Some examples which
highlight the use of steels in a traditionally made automobile are car body panels, chassis, engines, and exhaust
components. From these examples, it can be determined that steel is an integral structural material and now has the
potential to be become lower in density whilst retaining/improving strength (commonly referred to as advanced high
strength steels, AHSS). This is achieved by synthesis of metal matrix composites through introduction of ceramic
particles such as titanium diboride (TiB:), niobium diboride (NbB,) and vanadium diboride (VB,) into steel matrix.
Another aspect to consider when manufacturing steel is the thermomechanical processing route used for grain
refinement, as this greatly affects microstructure and hence, mechanical properties. This project aims to conduct
research and testing on steel composites via two routes; which are named ‘vacuum-induction melting’” (VIM) and
‘field-assisted sintering technology’ (FAST). VIM is the melting of a metal within a vacuum whilst utilising electric
current whereas FAST uses a direct current (DC) coupled with compressive force to consolidate powders together.
Both methods will allow the production of steel ingots with different compositions, which can then be put through
hot-rolling. From this, mechanical testing and microstructural analysis can be performed and suitable steel-matrix
composites will be finalised as for production at an industrial scale. This project acknowledges Volkswagen as the
industrial sponsor for this PhD.

Presenting author: Sulayman Khan, Sir Robert Hadfield Building, Sheffield, S1 3JD, Department of
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ID 159 - Computational design of alumina-forming martensitic stainless steels

César Fernandez-Jiménez!, Isaac Toda-Caraballo!, David San-Martin !, Carlos Capdevila'

Group MATERALIA, Department of Physical Metallurgy, National Metallurgical Research Centre (CENIM-CSIC), Avenida
Gregorio del Amo 8, 28040, Madrid, Spain

Alumina-forming austenitic stainless steels (AFA) are designed for applications where corrosion and creep resistance
are of paramount importance. However, they suffer from stress corrosion cracking and, due to their FCC crystalline
structure, show poor resistance to volume swelling under irradiation. The motivation of our work is to take advantage
of the knowledge acquired in the last 40 years of service of heat-resistance ferritic-martensitic steels, combined with
the exceptional corrosion resistance properties offered by a protective layer of alumina. For this reason, in this
research, alumina-forming martensitic steels have been designed. For the design of these steels, a modified Schaeftler
diagram combined with massive thermodynamic calculations using Thermo-Calc© software have been used to
estimate the phase balance present in the microstructure. Parameters such as the optimum austenisation temperatures
and the stacking fault energy, through the Olson and Cohen model, have been used to maximize the martensite
volume fraction in the microstructure. Using this methodology, several alloys in the following compositional range
have been designed and subsequently manufactured and characterised: 10 - 17.5 Cr, 8 - 14 Ni, 0.08 - 0.15 C and 3.5
Al (wWt.%). The transformation from austenite to martensite has been evaluated using high resolution dilatometry
(Figure 1a), while the obtained microstructures have been characterised using X-ray diffraction, optical (Figure 1b)
and scanning electron microscopy. The results presented indicate that the design methodology described gives good
results.
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ID 164 - Feasibility study on quenching and partitioning treatment on 33MnCrBS5 boron steel

M. Belfi, S.Barella, A.Gruttadauria, C.Mapelli
Politecnico di Milano, Via Privata Giuseppe La Masa, 1, 20156 Milano (MI), Italy

Quenching and partitioning is a heat treatment which has been reported to enhance both mechanical properties and
ductility of low carbon steels. The treatment is composed by a quenching between Ms and Mf, and a partitioning
step, and it is designed to introduce some retained austenite in the microstructure. This phase is responsible for the
increase in the ductility of the material, and moreover, when subjected to a stress, it transforms into martensite,
increasing the mechanical properties of the material itself.

In this work, multiple quenching and partitioning treatments were designed and performed on a 33MnCrB5 boron
steel to investigate the feasibility of the application of this treatment on the chosen material. Different quenching and
partitioning temperatures (evaluated through Thermocalc simulations) and times were tested to investigate their effect
on the final properties of the material. The heat treated material was characterized both regarding the microstructure,
and the mechanical properties. Specifically, SEM and EBSD were used to observe the generated microstructure,
XRD analyses were conducted to evaluate the presence and the amount of retained austenite, while tensile tests were
performed to investigate the induced mechanical properties. The designed quenching and partitioning treatments
were reported to introduce retained austenite in the final microstructure, and enhance both the yield strength, the
ultimate tensile strength and the elongation at break with respect to a conventional quenching and tempering
treatment. Therefore, it can be concluded that the suggested treatment appears promising for the material selected.

Marco Belfi, PhD student, Politecnico di Milano, Dipartimento di Meccanica, Via Privata Giuseppe La
Masa, 1, 20156 Milano (MI), Italy. marco.belfi@polimi.it
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ID 57 - The influence of molybdenum content on phase transformations in binary Ti-Mo alloys

Petr Harcuba, Dalibor Preisler, Anna Veverkova
Department of Physics of Materials, Faculty of Mathematics and Physics,
Charles University, Prague, Czech Republic

Aerospace industry, medical implants, sports equipment or jewellery: all these fields make use of titanium alloys.
Titanium alloys are materials with varied properties, thanks to a wide range of possible microstructures which can
be achieved by additions of alloying elements and by thermo-mechanical treatment.

Titanium is an allotropic element, as it crystalizes in several crystallographic structures, depending on temperature.
The low temperature structure, called a phase, is HCP, and the high temperature structure,  phase, is BCC. When
certain elements (Mo, Fe, V,...) are added to titanium, the B phase can be retained at room temperature after fast
cooling. These alloys are called metastable B-titanium alloys. Several metastable phases can be observed in B-titanium
alloys; the one important for this study is the o phase with a hexagonal structure.

We studied the effect of molybdenum content on phase transformations in P-titanium alloys. Three alloy
compositions (Ti-12Mo, Ti-15Mo, Ti-18Mo, in wt.%) and one functionally graded alloy Ti-xMo, where x € <9, 12,
15, 18, 21> wt.% Mo, were investigated. We utilized in-situ methods during linear heating: dilatometry, differential
scanning calorimetry (DSC), resistometry and ex-situ methods after linear heating or isothermal annealing: SEM and
microhardness measurement. Each of these methods is sensitive to different features and processes, but being
complementary they provide comprehensive information about phase transformations and microstructure changes.

[B-stabilizing element, molybdenum, supresses both the a phase precipitation and the ® phase formation. Higher
molybdenum content causes the temperature interval of ® phase evolution to shrink, leading to lower microhardness.
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ID 86 - An in-situ study of grain boundary migration and sliding in AZ31 magnesium at elevated
temperatures

B. Yavuzyegitl, E. Avcul, 2, A. D. Smithl1,3, J. Donoghuel, D. Luntl, J. D. Robsonl, T. L. Burnettl, J.
Q. da Fonsecal, and P. J. Withers1*
! Henry Royce Institute, Department of Materials, The University of Manchester, Oxford Road, M13 9PL, Manchester, UK

2 Department of Mechanical Engineering, Kocaeli University, 41001, Kocaeli, Turkey
3 Tescan UK Ltd., Wellbrook Court, CB3 ONA, Cambridge, UK

While it is known that grain boundaries play an important role in accommodating plastic deformation in magnesium
(Mg) alloys at elevated temperatures, our understanding of the process by which they do so is limited. The
accommodation of deformation incompatibility in an AZ31 Mg alloy at 200 °C has been captured at the sub-grain
scale by in situ high resolution digital image correlation (HRDIC) within a scanning electron microscope.
Complementary electron backscattered diffraction (EBSD) revealed the grain boundaries before and after
deformation. The migration and sliding of these grain boundaries has been qualitatively and quantitatively revealed
by analyzing the displacement fields at several incremental strain steps up to 50% plastic strain. Other plastic
deformation mechanisms, including dislocation slip, grain rotation and extension have also been captured. Grain
boundary movement led to the formation, annihilation and break up of grains, contributing to the superplastic
behaviour of the alloy at temperature. Further, the active deformation mechanisms (e.g., slip bands and grain rotation)
varied significantly depending on the initial grain orientation, size, and morphology, as confirmed using the post
deformation EBSD map. For instance, slip band formation was dominant for the grains well aligned for <a> type
basal slip, contributing to the grain boundary movement. The 3D surface topographies of the deformed samples
showed significant surface textures, revealing significant out of plane deformation. The present study shed light on
the role of grain boundary movement on the superplastic behaviour of AZ31 Mg alloy during incremental straining.

Fig.1 (a) Incremental maximum shear stress (MSS) maps between 0.55-1.95%, 4.81-6.39%, and 10.77-12.62% strain and (b) their
corresponding GBS quantification for a single grain boundary, respectively. The loading direction is parallel to the rolling direction (RD)

Presenting author: Berzah Yavuzyegit, No: +447466006977
Address: Flat 94, Nine Acre Court, 27 Taylorson Street, Manchester, United Kingdom, M53HT



ID 90 - Microstructure and mechanical properties of zirconium alloys
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Prague, Czech Republic

Zirconium alloys generally possess high strength, ductility and corrosion resistance. Furthermore, Zr has a very low
absorption cross-section for thermal neutrons, which makes solute-lean zirconium alloys particularly useful in nuclear
technology. Pure Zr is found in two crystallographic modifications: the low-temperature alpha phase (hexagonal
close-packed) and the high-temperature beta phase (body-centered cubic) with the transition temperature of 864 °C.
In Zr alloys, the transition temperature and the range of thermodynamic stability of the two phases can be modified
depending on the type and amount of alloying elements. Elements that increase the transition temperature are called
alpha stabilizers, these are usually non-transition metals or interstitial elements. On the other hand, elements that
decrease the transition temperature are called beta stabilizers and usually belong to transition metals.

In this work, we designed several Zr alloys with a higher content of alloying elements (Sn, Nb, Al, Cr and Fe) with
the aim to enhance their mechanical properties. These materials belong to the so-called alpha+beta Zr alloys, which
are composed of a mixture of alpha and beta phase at room temperature. This work focuses on studying phase
transformations, microstructure evolution and the resulting mechanical properties of the new Zr alloys.

Presenting author: Adam Strnad, Charles University, Faculty of Mathematics and Physics, Department of
Physics of Materials, Ke Karlovu 5, CZ-121 16 Prague, Czech Republic



ID 112 - The role of boron on the microstructure and properties of a Ni-Si-B cast alloy
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Ni-Si-B alloys are used in many applications for aerospace, aeronautical, nuclear, chemical, automotive, as well as
tools and mould industries, due to their high resistance to wear, impact, corrosion and oxidation at high temperatures.
Typically, the microstructure of Ni-Si-B alloys processed by casting is composed of austenite and hard phases such
as borides (Ni3B) and silicides (Ni3Si). The high-temperature properties are achieved with the proper balance of hard
phases and austenite, ensuring a good compromise between toughness and hardness. However, there is a large
microstructural variation due to chemical composition fluctuations among the melts, and variations in the cooling
rate imposed by the wall thickness of the cast components. The aim of this work was therefore to study the boron
influence on the microstructure and hardness of a Ni-Si-B cast alloy. Specimens with different contents of boron
were fabricated by the lost-wax casting process and characterized by differential scanning calorimetry coupled with
thermogravimetric analysis (DSC-TGA), scanning electron microscopy (SEM-BSE) with energy-dispersive X-ray
spectroscopy microanalysis (EDS), X-ray diffraction (XRD) and hardness tests. Furthermore, the interpretation of
experimental results on the kinetics of phases formation under casting conditions was compared and complemented
with thermodynamic simulations using the Thermo-Calc software. The results reveal that there is an increase in the
percentage of nickel borides (Ni3B) as the boron content increases, which is accompanied by a considerable increase
in the hardness of the alloy.

Acknowledgments: This research is sponsored by FEDER through the program P2020|COMPETE (project POCI-
01-0247-FEDER-039836) and national funds through the FCT (project references UIDB/50022/2020 and
UIDP/50022/2020).
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ID 149 - Characterisation of Zirconium alloys with Copper and Vanadium additions for nuclear
fuel assembly materials

Callum F. Andrew, Philipp Frankel, Robert W. Harrison
Department of Materials, the University of Manchester, Sackville Street Building, Manchester, M1 3BB, UK

Zirconium alloys are utilised in nuclear reactors as fuel assembly materials due to their beneficial material properties
and low neutron cross sections (1). Zirconium alloys do have limitations — the environment of nuclear reactors affect
their material properties, degrading the cladding (2). Developing alloys that show improved resistance to degradation
effects can improve in-reactor efficiency. Recently, Westinghouse Electric AB developed Zirconium alloys with
Copper and Vanadium additions, which showed improved performance compared to previous cladding generations

3).

The aim of this PhD project is to understand Copper and Vanadium’s formation in Zirconium and the roles of these
elements during irradiation. Copper and Vanadium are uncommon alloying additions in Zirconium, consequently
there are gaps in the mechanistic understanding of their roles. As such, this project is focused on investigating new
alloy compositions that have not been experimented on in detail before now, the W10 (Zr-1Nb-0.3Sn-0.2V-0.05Fe)
and W13 (Zr-1Nb-0.3Sn-0.2Cu-0.05F¢) alloys developed by Westinghouse Electric AB, which were neutron
irradiated in the BOR-60 research reactor and will be proton irradiated at the Dalton Cumbria Facility.

Characterisation of the unirradiated alloys is important to understand how Copper and Vanadium influence the
microstructure of the alloys, such as their precipitate compositions, and to act as a reference for microstructural
evolution when examining the irradiated samples. A range of techniques will be employed to examine grain
morphology and orientation, material texture, the dispersion of elements, precipitate structure and the dislocation
structure of these materials, including XRD, SEM and TEM, the findings of which will be presented at the conference.

References:

(1) Krishnan R, Asundi MK. Zirconium alloys in nuclear technology. Proc Indian Acad Sci Sect C Eng Sci.
1981;4(1):41-56.

(2) Motta AT, Couet A, Comstock RJ. Corrosion of Zirconium Alloys Used for Nuclear Fuel Cladding. Annu Rev
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The Laser-based Powder Bed Fusion (L-PBF) technology meets the growing market demand for high-performance
and custom-made components. In this regard, the AlSi10Mg alloy matches both the technological requirements
(excellent thermal conductivity, fluidity, and weldability) and, after adequate heat treatment, the mechanical
requirements (excellent strength/weight ratio, good fatigue resistance, and impact toughness) necessary in the
production of high-tech mechanical parts.

However, the improvement of the tribological behavior of the L-PBF AlSi10Mg alloy necessarily requires the
deposition of a multilayer coating system, in which, for example, diamond-like carbon (DLC) by physical vapor
deposition (PVD) can form the top-coating. Prolonged exposure (2 + 6 hours) of the components to temperatures
between 160 °C and 180 °C, therefore, requires an appropriate study to evaluate the effect of thermal exposure on
the mechanical behavior of the alloy.

Against this background, the present work is aimed at studying the effect of different thermal exposure conditions,
simulating the DLC deposition treatment (4 + 6 hours at 160 °C and 2 + 4 hours at 180 °C), on the tensile properties
of the alloy in the as-built condition and after short solubilization (10 minutes at 510 °C).

The results showed that the mechanical properties of the L-PBF AlSi10Mg alloy heat treated at the same temperature
and time conditions of the deposition treatment were comparable to those of the TS5 and T6 heat-treated alloys
reported in the literature. Hence, a suitably optimized PVD process could replace the aging phase in both heat
treatments, reducing costs and production times.
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Studiorum, University of Bologna, Viale Risorgimento 4, 40136 Bologna, Italy,
gianluca.diegidio2@unibo.it


mailto:gianluca.diegidio2@unibo.it

ID 49 - The effect of vanadium on the high-temperature oxidation of complex concentrated alloys
FeAlCrNixVy

Eliska Jaca, Josef Pesi¢ka, Adam Hotai*, Stanislav Danis, Jifi Kubasek”, Peter Minarik,
Charles University, Ke Karlovu 3, Praha, 121 16, Czech Republic

*Technical University of Liberec, Studentska 1402/2, 461 17 Liberec 1, Czech Republic

#UCT Prague, Technicka 5, 166 28 Prague 6

An ongoing call for materials capable of operating at high temperatures has led to the development of numerous
structural alloys such as Ni-based superalloys or austenitic steels. In recent years, much hope was also put into
Complex concentrated alloys — alloys consisting of multiple elements in near-equiatomic ratios. Their systematic
research is complicated by the vastness of their compositions and problematic properties predictions based on element
content. Our department developed equimolar alloy FeAICrV possessing promising mechanical properties up to 800
°C. However, its oxidation resistance is unsatisfactory, probably due to the high vanadium content. Therefore, we
focused on the possible improvement of this alloy and further characterization of its oxidation behavior. A series of
FeAlCrNixVy was made to examine in detail the effect of vanadium which seems to play a crucial role in the kinetics
of the oxidation. Further characterization of the oxide scale was performed and compared with the theoretical model.
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ID 71 - Cu-Mn cosegregation in MnCrFe:Ni2 base HEAs produced by different manufacturing
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The segregation behavior of MnCrFe2Ni2 High Entropy Alloys (HEAs) with different additions of Cu and Mo is
analyzed in this work. The replacement of Co in many HEAs due to its elevated cost and scarcity motivates the use
of other FCC-stabilizers, as Mn and Cu. To analyze the possible elemental segregation, both as-cast and additive
manufacturing processing routes are considered.

The samples produced by casting+hot-forging (C+HF) where later heat treated above 1100 °C and showed a strong
co-segregation of Cu-Mn at the grain boundaries (see Figure 1(a)-(b)). The formation of Cr/Mo-rich phases have also
been observed above 700 °C for alloys with high content of Mo. These phases and segregation would deteriorate the
mechanical behavior of these alloys and, thus, they should be minimized or avoided. The most promising composition
has been gas-atomized and processed by means of LPBF (Laser Powder Bed Fusion) using different printing
conditions. The microstructural characterization show that crack formation has been difficult to elude in as-printed
condition and generally associated to grain boundary co-segregation of Cu-Mn (see Figure 1(c)-(d)). Even though
the segregation of Cu-Mn in this HEA family might be unavoidable, with the corresponding detriment in mechanical
properties, it is worth exploring further the relationship between crack formation and segregation observed in this
type of HEAs during this investigation.
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Figure 1. EMPA analysis. (a)-(b) C+HF sample (1100 °C heat treatment); Cu-Mn co-segregation at the grain boundary (c)-(d) LPBF as-printed
samples; Crack formation at Cu-Mn segregated grain boundaries.
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B.4. High entropy alloys

ID 94 - Improving the oxidation resistance of high-entropy alloys via addition of reactive elements
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1AGH University of Science and Technology, Faculty of Materials Science and Ceramics, Al. Mickiewicza 30, 30-059 Krakow,
Poland

High-entropy alloys (HEAs) are among the most promising materials for high-temperature structural applications.
Unfortunately, their high-temperature corrosion resistance, especially under thermal cyclic conditions, remains worse
than the state-of-the-art heat-resistant materials, making the search for a feasible solution to this problem of special
importance.

In the presented study, the application of reactive elements effect (REE) is shown to drastically improve the oxidation
behavior of HEAs. The selected chromia-forming Als(CoCrFeNi)o; high-entropy alloy is investigated under thermal
cyclic conditions at 900°C in air. In order to examine the influence of different reactive elements, the samples are
surface-modified with thin, discontinuous layers of Gd>03, Y»03, and HfO,, respectively. The oxidation kinetics are
determined over 1500 cycles, each of 1 h duration, followed by thermal shock and a 20-min cooling period. The post-
exposure analyses including both surface and cross-section studies are carried out with the use of XRD, SEM-EDS,
Raman spectroscopy, and EPMA mapping techniques.
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The results indicate a spectacular improvement in oxidation behavior after the addition of Gd, Y, and Hf, with almost

total suppression of scale spallation, much slower overall oxidation kinetics, and much simpler scale structure when

compared with the reference, unmodified sample. As a consequence, it can be stated that the effect of reactive

elements can be a very effective solution leading to the improvement of the oxidation behavior of typical high-entropy
alloys, and its incorporation may allow for obtaining of next-generation of high-temperature-dedicated HEAs.
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High entropy alloys possess a good combination of high strength and ductility. It is widely accepted that the solid
solution strengthening is the dominant strengthening mechanism due to the large amount of different elements. In
contrast to dilute alloys, solid solution strengthening of concentrated multicomponent alloys is not well understood
yet. To enable usability by engineers, it is necessary to develop reliable models for the prediction of the mechanical
properties. To verify such models experimental work is needed that illustrates the concentration-dependent solid
solution strengthening of different alloys over a preferably large composition range.

The high entropy alloy system Au-Cu-Ni-Pd-Pt is unique as it crystallizes in face-centered cubic crystal structure and
is single-phase presumably within the entire concentration range. Hence, it serves a suitable benchmark system to
investigate composition-dependent effects on the strengthening mechanisms. In this study, it has been examined
whether the model of Varvenne [1] is suitable to predict the solid solution strengthening in this alloy system. For that
purpose, the concentrations of individual elements were successively varied and the strength and hardness have been
obtained by compression tests and microhardness measurements. The results give insights about the impact of
different types of elements on the strength and can help to further develop strengthening models. The theory of
Varvenne is misguiding the development of the strength in a large compositional range.

[1] C. Varvenne, et al., Acta Mater. 118 (2016) 164.
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ID 146 - The occurrence of atypical serrated flow in entropy alloys
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Prague, Czech Republic

Entropy metallic alloys consisting of two to four principal elements (medium-entropy alloys) or more than four
principal elements (high- entropy alloys), as first proposed in 2000s, have recently attracted an extensive attention of
materials scientists. This contribution presents a systematic study of serrated flow of the FeAlCrMo and FeAlCrV
medium-entropy alloys in compression, first observed at 400 °C and a strain rate of 10-4 s-1. These parameters were
further varied in order to evaluate how they affect the deformation behavior. Compression curves and strain rate jump
tests suggest that dynamic strain aging (i.e. the Portevin-Le Chételier (PLC)) effect is responsible for the jerky flow.
During compression, three most common types of the PLC effect are observed at different conditions. Results of the
conventional compression tests are also correlated with the concurrently recorded acoustic emission (AE) data. The
AE data suggest that the serrations most likely result from a sequence of dislocation avalanches rather than from
individual ones with very high magnitude. Furthermore, at certain conditions, peculiar periodic serrations appeared
throughout plastic loading, which possessed bimodal distribution of drop magnitudes. In this multicomponent
material, this effect likely originates in complex dislocation-solutes interactions at the atomic scale.
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Copper-zinc alloys, widely known as brass alloys, are among the most important categories of copper-based alloys,
due to their extensive field of application and range of properties. In recent years, the emerging field of high-entropy
alloys (HEAs) has paved the way towards the discovery of new materials through traditionally unconventional means
of alloy design. Such design principles could be employed towards the development of novel brass compositions
aiming to achieve enhcanced mechanical and physical properties. This work concerns the design, casting and heat-
treatment process of a novel CuAlZnSn Multicomponent Alloy (MCA),utilizing alloying elements that are used as
base components in commercial brass and bronze alloys. The investigated material was macroscopically etched to
reveal the solidification zones. Microhardness measurements were conducted in the as-cast condition, to reveal the
effects of segregation on the mechanical properties along the cast, and heat-treated conditions to pinpoint changes in
the mechanical properties during the progression of the heat-treatment. In addition, various heat-treatments were
conducted for 8, 16 and 24 hours at 550°C, followed by different cooling paths. The aim was to investigate the
formation and stability of the phases present in the as-cast microstructure. Both as-cast and heat-treated samples were
analyzed through means of Optical (OM) and Scanning Electron Microscopy (SEM) to unveil the various
microstructural features and highlight possible segregation phenomena. Alterations in the cooling rate would either
suppress or promote the formation of the occurring phases resulting in changes in their morphology and volume
fraction. Through this analysis a primary CussZnzsAly at. % phase could be identified, which shows high
thermodynamic stability regardless of the applied heat-treatments and is characterised by an enhanced hardness
compared to conventional brass alloys.
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ID 183 - Microstructure and mechanical properties of light-weight refractory high-entropy alloys
fabricated by powder metallurgy
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High-entropy alloys correspond to an emerging field of metallic materials, composed of five or more elements in
near-to-equiatomic proportions. Among them, refractory high-entropy alloys (RHEAS) have exhibited interesting
mechanical properties at high-temperature as well as excellent oxidation resistance. In this study, the microstructure
and mechanical properties of a series of novel Al-Cr-Nb-Mo-Ti-V-Fe RHEAs prepared using a powder metallurgy
approach was studied. Elemental powders were mechanical alloyed for 50 h in a planetary ball mill under argon
atmosphere. Then, the milled powder was sintered by spark plasma sintering. Dilatometric studies indicated that at
1150 °C for 10 min and 50 MPa under vacuum, sample achieved the maximum density. Dense disks sintered under
these conditions were then subjected to a secondary heat treatment at 1350 °C for 16 h. The SEM-EDS analysis of
the heat-treated sample indicated a matrix with the presence of Mo,V-rich and Nb,Fe-rich phases , while Al,O3; and
Ti,C-rich particles were observed as secondary phases. The XRD pattern suggests the presence of a main bcc phase
with lattice parameter of 3.06 A. Additionally, peaks associated with TiC and AL,Os also confirmed their presence.
In terms of mechanical properties, the heat-treated sample exhibited a hardness of 1007 HV0.3 and a compressive
fracture stress of 2234 MPa. At the same time, the as-sintered sample exhibited a higher hardness value,
corresponding to 1124 HVO0.3, but a lower compressive fracture stress of 1712 MPa; notwithstanding, none of the
samples exhibited plastic deformation.
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B.5. Advanced ceramics

ID 92 - Hydrothermal Ageing Behavior of Bioinspired Material with Piezoelectric Functions for
Implant Applications

Jodo Pinto'*, Michael Gasik?, Oscar Carvalho', Filipe Samuel Silva'
1 CMEMS-University of Minho, Guimardes, 4800-058, Portugal
2 Dep. of Chemical and Metallurgical Engineering- Aalto University, Espoo, 02150, Finland

Implant-bone fixation loss can occur 10-15 years after surgery. This is related to bone resorption and consecutive
biofilm formation in the generated gap, which could lead to tissues inflammation and implant loss [1]. Current
solutions are focused on primary osseointegration for implant early survival rate. In long term, they lose effectiveness
due to implant foreign body reaction once bone metabolism is challenged by a non-part of the body. Bone is
composed of piezoelectric materials with production of biological electricity due to collagen deformation and
displacement of the local electric field [2]. Barium titanate is a lead-free piezoelectric bioceramic without
toxicological risk and absence of foreign body reactions that can mimic natural bone piezoelectricity and inhibit
bacterial adhesion [3]. The focus of this work is design, produce, and characterize a smart, bio-inspired, and multi-
functional composite material to improve implant long-term bone regeneration and antibacterial effect. In this sense,
a composite with BaTiO3 particles and bioinert ZrO2 was produced. 5%BaTiO3-ZrO2 composites were mixed in
isopropanol alcohol and ultrasonicated for total dispersion, followed by press (200MPa) and sintering technic (1300-
1500°C). The different samples were characterized with SEM (Figl.(a)), that present two distinct phases, XRD
analysis, and subjected to hydrothermal ageing (Figl.(b)), to evaluate the stability of the tetragonal zirconia phase.
After 5h of accelerated ageing (=10 years), monoclinic phase is more evident with the sintering temperature
increment, but always lower than 25%, staying in according with ISO 13356:200, promising to be promising a
potential replacement material for implant applications.
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Figure 2 (a) Top view recorded on as sintered Swt% BaTiO3 — ZrO2 composite sintered at 1500°C; (b)
XRD X-ray diffractograms spectra for the composites sintered at 1380°C (1.7% monoclinic phase) and
1500°C after 6h hydrothermal ageing with monoclinic phase percentage of 1.7 and 14.3, respectively.
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ID 68 - Sustainable process to produce waste-based activated carbon by microwave pyrolysis for
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Biomass wastes from brewery industry are produced in large amounts is a valid option to be used as precursors of
carbon adsorbents for further application in water treatment systems. Adsorption by activated carbon (AC) has been
proven to be an effective technology for the removal of antibiotics from water. The utilization of industrial wastes as
AC precursors contributes to the environmental sustainability of this process, avoiding the use of non-renewable raw
materials. Typically, conventional pyrolysis has been applied to produce AC from biomass wastes, however, recently,
microwave-assisted pyrolysis has attracted considerable attention due to the lower energy consumption, faster heating
rate and higher production yields. The present study aimed to produce AC from brewery wastes by microwave
pyrolysis to be used for the removal of the antibiotics sulfamethoxazole (SMX), trimethoprim (TMP) and
ciprofloxacin (CIP) from water. To optimize the AC production process, a fractional factorial design was applied.
Three factors were studied at three levels: activating agent:precursor ratio (1:1, 1:2, 1:5 w:w), temperature of
pyrolysis (600, 700 and 800 °C) and residence time (10, 20 and 30 min). A fourth factor was also evaluated at two
levels: activating agent (KOH and K2CO3). Eighteen different AC were produced, and the effect of the assessed
production parameters on the SBET, yield of production (%), total organic carbon and adsorptive removal (%) of
SMX, TMP and CIP was evaluated. One AC was selected, further characterized and its performance evaluated by
kinetic and equilibrium adsorption studies from ultrapure and wastewater systems. The obtained results demonstrate
the adequacy of brewery wastes as precursor of highly efficient carbon adsorbents synthetized by microwave
pyrolysis, so minimizing the amount of activating agent and the pyrolysis time (several minutes instead of several
hours in conventional furnaces) with the consequent lower energetic cost.
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The Outer Tracker of the Compact Muon Solenoid (CMS), one of the large experiments at the CERN Large Hadron
Collider, will consist of about 13200 modules, each built up of two silicon sensors. The modules and support
structures include thousands of parts that contribute to position and cool the sensors during operation at -30°C. These
parts should be low-mass while featuring high thermal conductivity, stiffness and strength. Their thermal expansion
coefficient should match that of silicon to avoid deformations during cooling cycles.

Due to their unique thermal and mechanical properties, aluminium-carbon fibre (Al/CF) Metal Matrix Composites
are the material of choice to produce such light and stable thermal management components for High Energy Physics
detectors. For the CMS Outer Tracker, about 50000 cm? of Al/CF raw material will be required, to be produced
through a reliable process to guarantee consistent properties all along part manufacturing.

Two Al/CF production routes are currently considered: liquid casting and a powder metallurgy process based on
continuous semi-liquid phase sintering. Dimensional stability of the resulting material is of paramount importance.
Irreversible change of shape may be induced by moisture adsorption and onset of galvanic corrosion at the
discontinuous interfaces between CF and Al.

This paper presents the results of an extensive investigation through Computed Microtomography, direct
microscopical investigations, electrochemical studies of the interface reactivity and metrology measurements, aimed
at comparing and interpreting the response to different environments of the respective products. The effect of the
application of noble metal coatings is also discussed.
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In several state-of-the-art applications, shape memory alloy (SMA) wires have been successfully added to polymer
composite materials in order to improve the damping response, impact resistance and crack closure [1,2]. The
tuneable non-linear, pseudoelastic behaviour of the alloy is often exploited for these aims, yet the use of non-linear
geometries of the wires remains unexplored. A number of examples in literature present fibres with non-linear
geometries used in composites such as Variable Stiffness laminates to optimise material properties like stress
distribution, buckling and frequency response [3].

In this work, we present a multimaterial construct, fabricated with non-linear wires of pseudoelastc NiTi embedded
in an epoxy matrix. This construct combines material and geometrical non-linearities in order to affect its viscoelastic
behavior (Fig. 1). In particular, we discuss how to tune the damping response of SMA wire [4], and characterise the
effects that non-linear geometries, combined with this tuning, have on the overall damping factor of the multimaterial.
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Trenc'in, Slovak Republic

The work deals with the preparation of luminescent YAG glass microspheres doped with Er3+ and embedded in bulk
yttrium aluminum silicate (YAS) 17Y203-19AL203-64Si02 by viscous flow sintering.

First, luminescent YAG powder precursors were prepared by sol-gel Pechini method. As a source of erbium ions,
Er203 was added in following concentrations: 0.25; 0.5 and 2.2 mol. %. Flame synthesis was used for spheroidisation
of powder precursors. Amorphous nature of prepared of microspheres was confirmed by X-Ray diffraction (XRD)
analysis.

Yttrium aluminum silicate prepared by melting and quenching technique was crushed and sieved through 40 pm
mesh sieve and this brash was used to embed luminescent microspheres. Densification of samples was provided by
viscous flow sintering in hot press at temperature 900°C.

Morphology of materials was investigated by Scanning electron microscope (SEM).

Luminescent properties of all materials were investigated.

Address: Fun Glass — Centre for Functional and Surface Functionalized Glass, TnUAD, Trencin, Slovakia.
Email: marzieh.ghadamyari@tnuni.sk. Phone number: +421908818089
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ID 101 - High-performance multifaceted materials: structural approaches for Li-ion batteries
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The worldwide development depends on a key factor: energy. In this context, energy storage systems (ESS) are seen
as crucial factor [1]. At the end of 20th century, and due to the emerging market for wireless technologies, the demand
for rechargeable batteries has increased. Along with the increase of scientific research in this area, it was possible to
ally the electrical storage potential of batteries with the mechanical resistance obtained by polymer-based composites,
creating a novel class of multifunctional materials known as structural power composites [2]. In this field, lithium-
ion (Li-ion) structural batteries are faced as one of the most promising chemistries, delivering high-energy and high-
power density. Common drawbacks of this technology are related with dendrite and irregular solid-electrolyte
interface (SEI) formation, unregular ion transport and parasitic reactions [3]. Since the interface engineering is crucial
to the safety of these devices, we report preliminary studies on the functionalization of pitch- and polyacrylonitrile
(PAN)-based carbon-fibres (CFs) with nanomaterials with the intuit of optimization of the electrode//electrolyte
interface. A hybrid CFs system was prepared and used to produce multifunctional and multiscale composites. A
laminated structure was developed and tested as positive electrode against Li metal anode (in a coin-cell assembly),
to understand if this type of electrode is able to intercalate Li ions. The final assessment of this study is to apply the
functionalized fibres in a structural battery.

Keywords: Li-ion, structural batteries, multifunctional materials
1. Moradzadeh, A.; Nazari-Heris, M.; Mohammadi-Ivatloo, B.; Asadi, S. Chapter 2 - Energy storage

fundamentals and components. In Energy Storage in Energy Markets, Mohammadi-Ivatloo, B., Mohammadpour
Shotorbani, A., Anvari-Moghaddam, A., Eds.; Academic Press: 2021; pp. 23-39.

2. Danzi, F.; Salgado, R.M.; Oliveira, J.E.; Arteiro, A.; Camanho, P.P.; Braga, M.H. Structural Batteries: A
Review. Molecules 2021, 26, doi:10.3390/molecules26082203.
3. Tikekar, M.D.; Choudhury, S.; Tu, Z.; Archer, L.A. Design principles for electrolytes and interfaces for stable

lithitum-metal batteries. Nature Energy 2016, 1, 16114, doi:10.1038/nenergy.2016.114.
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ID 150 - Deformation behavior of CNT reinforced metal matrix nanocomposites

I. Carneiro'?, J.V. Fernandes®, S. Simdes!*
! Department of Metallurgical and Materials Engineering, University of Porto,
R. Dr. Roberto Frias, 4200-465 Porto, Portugal
2 LAETA/INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, R. Dr. Roberto Frias, 4200-
465 Porto, Portugal
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The interest in advanced lightweight materials, able to achieve high mechanical properties, such as reinforced metal
matrix nanocomposites (MMNCs), has recently increased mainly for the transport industry. The nanoscale
reinforcements showed to be significantly more efficient than the micrometric in reinforcing these types of matrices.
The carbon nanotubes (CNTSs) are one of the most promising reinforcements to produce lightweight nanocomposites
with matrices such as aluminium due to their unique structure and properties [1]. So far, few works have addressed
the influence that CNTs can have on the deformation behaviour and strain hardening of MMNC:s, a crucial issue for
their processing and possible service application [2,3]. In that sense, the main objective of the present work is to
understand the microstructural changes induced by deformation on MMNCs and how the presence of CNTs can
affect them. MMNCs reinforced with 1.0% vol. of CNTs were produced by powder metallurgy route,
dispersed/mixed in a single step, cold-pressed, and sintered under vacuum. Pure metals and respective
nanocomposites were then cold-rolled at different rates to understand the deformation behaviour of the MMNC:s.
Microstructural analysis was carried on through advanced microstructural characterization techniques such as
scanning electron microscopy (SEM), focusing on electron backscatter diffraction (EBSD), transmission electron
microscopy (TEM), and high-resolution TEM (HRTEM). The results show that the presence of CNTs can have a
significant impact on the deformation behaviour of the metallic matrix, especially when lower deformation rates are
applied [4].

[1] A. Agarwal, S.R. Bakshi, D. Lahiri, Carbon Nanotubes: Reinforced Metal Matrix Composites. (CRC Press, 2011)
[2] Xu, R.; Fan, G.; Tan, Z.; Ji, G.; Chen, C.; Beausir, B.; Xiong, D.-B.; Guo, Q.; Guo, C.; Li, Z., et al. Back stress
in strain hardening of carbon nanotube/aluminum composites. Materials Research Letters 2018, 6, 113-120,
doi:10.1080/21663831.2017.1405371.

[3] Sadeghi, B.; Qi, J.; Min, X.; Cavaliere, P. Modelling of strain rate dependent dislocation behavior of CNT/Al
composites based on grain interior/grain boundary affected zone (GI/GBAZ). Materials Science and Engineering: A
2021, 820, 141547, doi: 10.1016/j.msea.2021.141547.

[4] This research was funded by the Portuguese Foundation for Science and Technology (FCT), through a Ph.D.
grant attributed to Iris Carneiro, with the reference PD/BD/143030/2018, and the P2020[Norte2020 program with the
reference NORTE-08-5369-FSE-000051.
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B.8. Fatigue wear and corrosion

ID 78 - Solid particle erosion resistance of a high-chromium Fe-Cr-C hardfacing alloy: the role of
microstructure and particle size

A. Fortini, A. Suman, A. Vulpio, N. Zanini, A. Cordone
Department of Engineering - University of Ferrara, via Saragat 1, 44122 Ferrara, Italy, annalisa.fortini@unife.it
Department of Engineering - University of Ferrara, via Saragat 1, 44122 Ferrara, Italy

High chromium cast irons (HCCIs) are broadly employed in high-demanding applications thanks to their excellent
abrasive resistance, which stems from their peculiar microstructure, made up of dispersed primary hard carbides in
the surrounding soft matrix. The progressive surface material removal due to erosion phenomena affects the
performance, reliability and service life of many engineering components. Many efforts and research have been
devoted to studying and enhancing the erosion resistance of materials, considering the main influencing factors
related to the properties of erodent particles and substrate. So far, however, the influence of microstructure and
particle size has not been closely investigated. Hence, this work seeks to analyze the erosive wear resistance of a
HCCI tested with Arizona dust quartz as the erodent with two different mean diameters of the particles. Experiments
were performed in a purpose-built air blast test rig based on the ASTM G76 standard. The preliminary optical and
scanning electron microscopic investigations enable the evaluation of the metallographic phases, which were then
related to the particles’ diameters. The tribological performance was assessed through weight loss measurements and
microstructural analyses of the worn surfaces to describe the role of both carbides and matrix characteristics in the
wear damage. The experimental findings suggest a strong correlation between the microstructural features and the
erosion resistance of the alloy. Particle size is a critical parameter that affects the resistance, as regards both the mass
loss from the surface for the unit of mass of erodent and the wear mechanisms of material removal.
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Nanofluids are solid-liquid mixtures composed of solid nanofibers or nanoparticles, that suspend in a fluid with sizes
that range from 1 to 100 nm.

Their applications span from cooling engines and electronics, heat exchange in solar collectors, heat storage systems
and coolants in manufacturing. The use of nanofluids has been proved to offer a positive effect on the corrosion
resistance in some cases. Aluminum is a light material that has remarkable fatigue resistance even in harsh
environmental conditions such as air, water, and sea, as well as chemical resistance.

The aim of this study was to evaluate the fatigue performance of a cold-rolled AA 7075-T6 plate both in normal and
corrosive environments such as Cu nanofluid. A three-point bending fatigue device was specially designed and
manufactured for this case. The tests were performed at frequencies of 25 Hz, R=1 and ambient temperature. Fatigue
Wohler-like curves along the long transverse (T), short-transverse (S) and rolling (L) directions of the plate were
extracted. Also, 1076 cycles were considered as the fatigue life limit (endurance limit).

The results were interpreted against the forming direction and revealed significant differences in fatigue and
corrosion-fatigue life. The nanofluid impact on aluminum fatigue life was evaluated as a parameter with high
potential which deserves further investigation.

1.Physical Metallurgy Laboratory, Dept. of Mechanical Engineering, School of Engineering, Aristotle University of
Thessaloniki, 54124 Thessaloniki, Greece

2 Centre for Research & Development of Advanced Materials (CERDAM), Center for Interdisciplinary Research
and Innovation, Balkan Centre, Building B’, 10th km Thessaloniki-Thermi Road, 57001, Thessaloniki, Greece
aalexpros@meng.auth.gr (+302310996069), bargirosapostolos@icloud.com, cnmichail@meng.auth.gr
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C.1. Coatings and surface nanomodification

ID 4 - Scale Development and Inhibition on Sugar Cane Heat Exchangers

Huda Al-Jurani, David J. Lewis*, Kathryn Yearsley, Allan Matthews
11 Yardley Square, Sheffield, UK, S3 7LZ
* Department of Materials, The University of Manchester, Sackville Street Building, Manchester, M1 3BB

Brazil is one of the top producers of sugar for the global sugar production.Recently, Brazil has increased its
production of ethanol from sugar cane and BP-Bunge Brazil contributes by producing over 1.5 billion litres of
ethanol. The process to produce ethanol and sugar is to first break down the sugar cane which is then clarified using
addition of lime. The addition of lime increases the concentration of calcium ions that are present in the sugar juice
produced. When the juice is heated in the evaporator system the calcium ions form scales on the surfaces. This
reduces the heat transfer coefficient of the steel walls, efficiency of the evaporator system and the rate of ethanol and
sugar production. A scale inhibitor applied to the surface of the steel to reduce or prevent scaling is envisioned for
this project. The preliminary study is to develop a film of calcium phosphate scaling on stainless steel 304L in order
to develop coatings to prevent this film from being developed. By creating a worst-case scenario of scaling, tailored
coatings of polydopamine with super hydrophobic silica nanoparticles is investigated in regard to: its strength of
binding to the stainless steel 304 L surface, the prevention/reduction of nucleation sites on the 304 L surface and
accumulation of scale onto the coating. This will be compared to coatings of polydimethylsiloxane with epoxy resin
and super hydrophobic silica nanoparticles further along in the research.

This work was supported by Science Foundation Ireland 18/EPSRC-CDT/3584 and the Engineering and Physical
Sciences Research Council EP/S022635/1
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ID 16 - Incorporation of carbon nanotubes in alumina layers grown by plasma electrolytic
oxidation

DA SILVA TOUSCH C. , MARTIN J. , CZERWIEC T., MARCOS G. , HENRION G.
Université de Lorraine — CNRS - Institut Jean Lamour - NANCY (FR)

Plasma electrolytic oxidation (PEO) is a plasma-assisted electrochemical surface treatment particularly suited to
converting aluminum into a protective alumina layer. PEO differs significantly from acid anodizing processes since
it is conducted under higher voltages/currents and oxidation continues because of the apparition of micro-discharges
issued from the electric breakdown of the growing oxide layerl.

Few studies investigated the possibility to conduct PEO on aluminum in an electrolyte wherein carbon nanotubes
(CNTs) were dispersed2. Although the tribological properties and corrosion behavior of the formed oxide layers were
evaluated, little efforts went into characterizing the incorporation of CNTs within the alumina layer. It can be
explained by the fact that the porous nature of the PEO alumina, combined with limitations regarding reliably
detecting carbon, pose major obstacles to finely characterize this incorporation.

In the present work, complementary characterization techniques such as high resolution SEM, Raman spectroscopy
and glow discharge optical emission spectroscopy, definitely show the presence of CNTs within the PEO alumina
layer. Moreover, the effect of the concentration of CNTs dispersed in the electrolyte on the formation of the PEO
oxide layer was also investigated. The potential degradation/alteration of the incorporated CNTs was also evaluated
(and constitutes an additional concern throughout the process). Finally, the collected results allow proposing a
mechanism for the incorporation of CNTs in alumina layer during PEO of aluminum.

1 J. Martin, A. Melhem, et al. , Surf. Coat. Technol. 221, 70 (2013).
2 Y. Yiirektiirk, F. Muhaffel, and M. Baydogan, Surf. Coat. Technol. 269, 83 (2015).
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ID 30 - Ton-exchanged borosilicate glass vials for pharmaceutical packaging

A. G. Abd-Elsatar 1,2*, J. Kraxnerl, E. Bernardo2 , D. Galusek3

1FunGlass, Alexander Dubcek University of Trencin, Trencin, Slovakia.

2Department of Industrial Engineering, University of Padova, Padova, Italy.

3Joint Glass Centre of the IIC SAS, TnUAD, and FChFT STU, FunGlass, Alexander Dubcek University of Trencin, Trencin,
Slovakia.

*ahmed.gamal@tnuni.sk

Abstract: Pharmaceutical containers for parenterals like vials, ampoules, prefilled syringes and cartridges have been
predominantly manufactured using glass as a packaging material of choice, especially type Type-l glass or
borosilicate glass [1, 2]. Borosilicate glass is worldwide use at this scope, but it may have some issues related to
breakage, corrosion and delamination that might compromise the drug quality, safety and efficacy [3]. Various
techniques have been proposed to improve the mechanical properties of glass containers surfaces like chemical ion-
exchange strengthening, during the ion-exchange process, small alkali ions, such as lithium and sodium, representing
typical “modifiers” in the glass, are replaced by the larger potassium ions in a molten salt, where the glass is held for
a certain time. The aim of this work is to develop innovative or modified inner glass vials surfaces and incorporation
of antbacterial element into the surface by ion-exchange treatment by using different alkali molten salts to control
the interactions between the surfaces of glass vials and the recently developed drugs and to improve the mechanical,
chemical durability and corrosion resistance properties of glass vials in order to respond to the demand of packaging
of new drugs. Many analytical techniques will be used to characterize the inner surface of different type I glass vials
received from Nuova OMPI company, Italy. All vials were investigated topographically by Scanning Electron
Microscopy (SEM). And the glass composition of the surface was studied by energy dispersion X-ray spectroscopy
(EDS). The hydrophobicity/hydrophilicity of the inner surface was assessed by dye tests and measuring of contact
angle [4].

References:

1. A. Talimian, and V. M. Sglavo, lon-exchange strengthening of borosilicate glass: Influence of salt impurities and
treatment temperature. 2017. 456: p. 12-21.

2. A. Talimian, A. Nowicka, H. Katkova, G. Sani, D. Galuskova, L. Wondraczek, and D. Galusek. Two-step ion
exchanged soda lime silicate glass; Efeect oof surface compression on silver ion release. 2021.

3. S. Panighello, and O. Pinato. Investigating the Effects of the Chemical Composition on Glass Corrosion: A Case
Study for Type I Vials. 2020. 74(2): p. 185-200.

4. D. Ditter, H. C. Mahler, H. Roehl, M. Wahl, J. Huwyler, A. Nieto, and A. Allmendinger. Characterization of
surface properties of glass vials used as primary packaging material for parenterals. 2018. 125: p. 58-67.
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Surface structuring is a huge thematic of research to answer problematics such as friction reduction or wettability
management. This work is dedicated to the stainless steels patterning by dry etching, a mature technic in
microelectronic industry needing to be adapted for this new application. The development of selective masks and a
well-controlled etching through a complex material (polycrystalline with several chemical elements) are challenges
to address.

This work is based on both modelling and experimental approaches. An ICP/RIE SENTECH device has been used,
delivering 800 W RF power and owning a heating (up to 220°C) and biased substrate-holder. To understand the
etching mechanisms of stainless steel, etching of the main components of such materials, namely Fe, Cr and Ni were
studied separately. Under Cl,/Ar plasmas, observations by SEM and chemical analyzes by EDX/XPS showed the
formation of species rich in chlorine. It was demonstrated that the adsorbed chloride compounds FeCl,, CrCl, and
CrCls can be etched spontaneously or by ion assisted etching. However, the very low desorption rate of NiCl,
constitutes a barrier for an efficient etching of steels rich in nickel.

A surface model, based on a cellular approach to represent the etched surface, has been developed. Monte-Carlo
method is used to describe the main etching mechanisms. This model has been validated for binary Fe/Cr alloys
etching by comparing the simulation results with the experiments [1].

With very selective sol-gel alumina masks, long etching results of stainless steels whose patterns reach 2.5 um in
depth will be presented.

[1] G. Ledain, F. Laourine, S. Guilet, T. Czerwiec, G. Marcos, C. Noél, G. Henrion, C. Cardinaud, A. Girard, A.
Rhallabi, Plasma Sources Sci. Technol. 30, 095022, 2021

gregory.marcos@univ-lorraine.fr



ID 70 - The influence of Cu?* on Sa0OS-2 and human mesenchymal stromal cells
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Cu2+ is necessary for physiological processes like angiogenesis and osteogenesis. However, Cu2+ does also show
cytotoxic effects at particular concentrations. Ti6Al4V alloy disks covered with pure metallic Cu were used in this
study to closely determine its concentration-dependent effects on human cells in an in vitro approach. Samples were
submerged, up to 2 weeks, in a-MEM containing 10% fetal calf serum (FCS). Medium was renewed, and collected
at 1, 10,20, 40 mins, 1, 2, 4, 8, 24 h, and daily until day 14. The concentration of Cu2+ in the extracts was quantified
via ICP-OES, with values ranging between 0.3 uM and 1432 uM. Human MSC and SaOS-2 osteoblast-like cells
were cultured in the medium containing Cu2+ and cell viability was assessed in a luminescence-based assay. hMSC
exhibited higher tolerance to Cu2+ compared to SaOS-2 cells. Results suggest that Cu2+ demonstrates cytotoxicity
on Sa0S-2, potentially due to the high proliferative rate of this immortalized cell line. Primary hMSC, conversely,
exhibited comparatively high resistance to Cu2+. Work is ongoing to address the effect of direct cell seeding of
hMSC on Cu-coated Ti6Al4V and further investigate the effects of Cu2+ on hMSC and SaOS-2 cells.
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ID 106 - UV absorbing transparent coatings in glass matrices
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Ultraviolet (UV) light is an electromagnetic radiation with three fractions: UVC (100-280 nm/4.43-12.4 ¢V), UVB
(280-315 nm/ 3.94-4.43 e¢V) and UVA (315400 nm/ 3.10-3.94 ¢V). The wavelength of the UV radiation is slightly
shorter than the visible light (400-780 nm) but their photons carry much more energy (3.1-12.4 eV). UV light can
negatively affect drug products’/medicines’ quality. For instance, UV and visible light can accelerate the oxidation
of fats and oils'. It also affects vitamins (A, B2, B12, D, E and K). Since the main source of UV radiation is the sun,
it is paramount to find appropriate solutions to protect goods. Typically, light sensitive products are packaged into
opaque or dark coloured packaging to avoid photodegradation. However, consumers like to inspect the food products
before buying it. They feel an increased sense of security seeing the product in its unaltered form?. Consequently
UV-shielding and transparent packaging is of increasing interest. In this work, it is explored the development of
coatings with carbon quantum dots made with two different approaches. The first one uses microwave-assisted
synthesis, the other is performed into an autoclave using a conventional oven. It is investigated the size and dispersion
of carbon quantum dots in the liquid matrix, and the way as these two parameters they relate to the UV light absorption
capacity. Also, it is followed the impact of withdrawn rate applied in the dip-coating process on the colour variation
(CIELAB) and UV-shielding. The trade-off between colour and UV-shielding is discussed.
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Over the last years, the design and improvement of medical implants has been of great interest. For this,
hydroxyapatite (HA), being a ceramic material very similar to human bone, in combination with silver nanoparticles
(Ag NPs), which are regarded as an antibacterial agent, represent a suitable alternative to enhance the performance
(including anti-biofouling properties) of orthopaedic implants. The aim of this study was to explore and determine
the most suitable way to develop a composite material consisting of a HA matrix with Ag NPs to coat, via
electrodeposition, a previously fabricated B-type TiMoNbTa alloy with improved mechanical properties and provide
it with antibacterial properties to avoid infections caused when implanted. Two different deposition methods have
been evaluated: (1) a one-step method where Ag nitrate is added to an electrolyte containing the HA precursors
(Ca(NOs), and NHePO4) and a simultaneous co-deposition of metallic Ag and the HA matrix takes place; and (2) a
two-step method consisting in the decoration of previously electrodeposited HA coating with Ag from Ag nitrate
electrolyte. The parameters affecting the correct incorporation, distribution and content of Ag into the HA matrix
were studied and optimized, aimed at having finely dispersed Ag NPs. In a similar way, initial attempts to introduce
Zn(0O) into the HA matrix are also shown. Thus, a non-toxic and biocompatible alloy with a functionalized surface
with potential antibacterial properties was produced in a controlled, reproducible and facile manner.

This work has been done within the Biofilm-resistant materials for hard tissue implant applications (BIOREMIA)
European Training Network (ETN) funded by the European Union’s Horizon 2020 research and innovation
programme under the Marie Sktodowska-Curie grant agreement No. 861046.
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ID 162 - Hydrophobic silver coated copper foams suitable for oil/water separation applications
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Marine environments are vulnerable to oil leakage causing irreparable harm to the ecosystem. Oil sorbent materials

are often favored for oil-splits cleanup methods due to their low cost, ease of usage and high efficiency.

In this work a simple two-stage chemical solution process is reported, to deposite a superhydrophobic silver film on
copper foams with a view to be employed in oil absorption or filtration procedures. The first stage includes
the growth of a silver layer to increase micro roughness and the second evolves the modification of the film
using stearic acid. The whole process has the advantage of being time-saving low cost and versatile. UV-Vis
spectroscopy was employed to determine optimum deposition durations and detect potential film
detachments during the synthesis process. Scanning electron microscopy (SEM) and X-ray diffraction (XRD)
were used to examine the film structure. Surface functional groups were detected by IR-FTIR
spectrophotometer. An adherent superhydrophobic silver coating was achieved under optimum deposition
durations. A feather-like structured morphology appeared from silver deposition and spherical, microflower
morphologies from stearic acid deposition. The influence of process conditions on wettability and the
obtained silver film morphology and topography were examined and clarified. Thermal and chemical stability
was examined for acidic, alkaline, and salty environments under several temperatures. Filtration capacity
under free and forced flow along with oil absorption capacity were also evaluated for the optimum
superhydrophobic copper foams. The results show that the produced superhydrophobic foams can potentially
be used to oil/water separation applications.

Presenting author: Aikaterini Baxevani, Physical Metallurgy Laboratory, Mechanical Engineering
Department, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece,
mail: ampaxeva@meng.auth.gr


mailto:ampaxeva@meng.auth.gr

ID 168 - A machine learning solution to the texture optimization problem

Alexandre Silva, Veniero Lenzi, Sergey Pyrlin, Luis Marques
Centre of Physics of Universities of Minho and Porto, University of Minho, Campus de Gualtar, 4710-057, Braga

Our world is overwhelmed by the environmental impact of human activity and there is imperative need to reduce
pollution and mitigate its effects to help avoid irreversible global warming. In the transportation industry, among the
largest contributors to polluting emissions, a significant part of fuel and energy is wasted in overcoming friction
forces between moving parts in contact, thus, friction reduction methods represent a simple and rapid way to reduce
our carbon footprint.

Thanks to advances in laser texturing techniques, allowing for the rapid and efficient generation of textured surfaces,
the control of friction in an environmentally friendly manner is possible. Conventional means for designing and
testing these textures are based on trial-and-error methods, the optimal design of a texture is impossible to achieve
with traditional experimental and numerical methods.

We present a solution to this problem, a deep neural network (DNN) trained to predict the Stribeck curve of a system
based only on its micro-texturing pattern. Capable of effortlessly predicting all possible cases of a total of around
100 million possibilities in seconds, trained with just 0.05% of them. We solved the texture optimization problem by
taking advantage of the incredible performance of our DNN, predicting the relevant optimal textures in the process.
Properties of our network such as accuracy, extrapolation, and interpolation capabilities were also determined,
demonstrating its robustness and reliability.

This work paves the way for the use of machine learning as a tool to realize careful friction control of surfaces through
optimally designed textures.

0.14
10.12
10.10
= - (),()8£

=
10.06

—— Flat
DNN 0.04

~——— Solver

1 1 1 ’)
0.000 0.005 0.0100'0_

H
Figure 1: optimal pattern in the context of the smallest overall coefficient of friction in the hydrodynamic range solved by a traditional solver
and the deep neural network.

This work was supported by the Portuguese Foundation for Science and Technology (in the framework of the
Strategic Funding UIDB/04650/2020 project PTDC/EME- SIS/30446/2017 and Advanced Computing Project
CPCA/A2/4513/2020, awarded by FCT L.P., for accessing MACC-BOB HPC resources.
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C.2. Advanced metallurgical processing

ID 15 - Dispersoid Evolution During Homogenization in 5SXXX Alloys. Effects of Composition,
Micro-segregation, and Modelling of Strengthening

N. Hughes, Prof. J. Robson, Dr. J. Fellowes*
Address 1: The Henry Royce Institute Hub Building, Manchester, M13 9PL
*Address 2: Williamson Building, Oxford Road, Manchester, M13 9PL

[Oral] - Non-heat treatable 5XXX Aluminium alloys have attractive properties such as weldability and corrosion
resistance, but achieve only moderate strength and can suffer from sensitization. A potential route to improve both
strength and reduce sensitization is to form an additional population of dispersoids by introducing new dispersoid
forming elements. In this study, novel 5XXX alloys with L12 dispersoid forming additions have been produced and
analyzed. To maximize the L12 dispersoid volume fraction as well as minimize cost, a combination of different
dispersoid formers have been explored, namely zirconium, scandium, erbium, and yttrium. The effect of
homogenization treatment on the precipitation of L12 dispersoids was studied to optimize the dispersoid size, volume
fraction, and distribution. Two-step homogenization regimes, guided by a dispersoid precipitation model, were shown
to precipitate many fine dispersoid particles, whose size and distribution through grains was studied using high
resolution scanning electron microscopy (SEM). Electron Probe Micro-analysis (EPMA) was used to quantify the
micro-segregation of elements after casting and the subsequent effect this had on precipitation in the dendrite cores
and edges. The results show precipitation is highly dependent on position within grains and the local elemental
concentration. The dispersoid precipitation model was coupled to a simple strengthening and work hardening model
to understand the effect of L12 dispersoids on mechanical properties. The model predictions were compared with
microstructural and tensile property measurements. It was demonstrated that a notable increase in both strength and
work hardening was obtained in alloys with an optimized dispersoid distribution.
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ID 26 - Physical and computational simulation of Functionally Graded Materials

J.Valilla®®*, D.Tourret ?, 1.Sabirov

aIMDEA Materials Institute, Calle Eric Kandel 2, 28906 Getafe, Madrid, Spain.
bUniversity Carlos III, 28911 Leganes, Madrid, Spain

* Presenting author: jorge.vallila@imdea.org

Additive manufacturing (AM) of metallic materials, in particular direct energy deposition (DED) technique, has
evolved up to the point of enabling manufacturing of functionally graded materials (FGMs) that show a gradual
change in composition within a part or component, thus coming as a great option when dealing with dissimilar joints
or create location-specific properties.

Here, we investigate material compatibility and explore processing and grading parameters for FGMs, specifically
focusing on a material graded from Ni-based superalloy (Inconel 718) to Stainless Steel (316L). We combine three
complementary approaches. (1) Using advanced characterization of DED-manufactured graded materials, we assess
the quality (porosity), microstructures (phases) and properties (tensile, compression, nanohardness, thermal
expansion) of DED-printed samples. (2) Using computational thermodynamics, we calculate thermal properties and
phase fractions to assess their expected presence along the FGM gradient. (3) Finally, we design and perform original
physical simulations using a Gleeble 3800 apparatus involving partially melting of the bi-material samples to
investigate material compatibility and diffusion at the interface.

This study will shed light onto fundamental mechanisms of microstructure selection and properties in metallic FGMs.
It will result in advanced simulation-based (computational & physical) design methods for innovative graded alloys,
as well as for the optimization of their processing parameters.

This investigation was supported by the Spanish Ministry of Science under the Retos-Colaboracion project
MultiFAM (Ref. RTC2019-007129-5) in collaboration with AIMEN Technological Centre (Spain) and ArcelorMittal
(Spain). D.T. also gratefully acknowledges support from the Spanish Ministry of Science through a Ramoén y Cajal
Fellowship (Ref. RYC2019-028233-I).
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C.3. Thermomechanical processing and severe plastic deformation

ID 25 - Towards electrically assisted manufacturing of light metal and steel parts on a semi-
industrial scale

Angelika Cerny, Georg Kunschert, Florian Grabner, Gregor Zickler", Johannes Osterreicher
LKR Light Metals Technologies Ranshofen, Austrian Institut of Technology, 5282 Ranshofen
“Dept. of Chemistry and Physics of Materials, Paris Lodron University of Salzburg, 5020 Salzburg

Efforts to reduce CO2-emissions of cars and aircrafts by lightweighting require materials with high strength-to-
weight ratio. However, these materials are often inherently hard to form due to limited ductility and necessitate high
forming forces at room temperature. A possible approach to reduce the forming force and improve the formability is
the use of electric current pulses during forming, leveraging the electroplastic effect (EPE). The EPE in metals is
known to reduce yield stress and springback, and to allow significantly higher degrees of deformation before fracture
[1]. Overall energy input is significantly reduced. However, Joule heating occurs, the magnitude of which depends
on the electric energy input. It is difficult to distinguish between the EPE and softening due to Joule heating. Besides
mandating special tooling and lubricants, excessive heating can deteriorate the microstructure of materials, for
example by coarsening of hardening precipitates in Al alloys. If Joule heating can be reduced to a minimum,
temperature-sensitive materials can be deformed.

To study the influence of electric pulse length, height, and frequency on the formability of various light metal alloys
and steels, we equipped a semi-industrial-scale hydraulic press with an electric system, while controlling for
temperature to decouple the EPE from Joule heating. First experimental results show a reduction of flow stress in
compression tests for samples pulsed with current. Subsequently, tensile testing and deep-drawing experiments
(electrically assisted manufacturing) are planned. TEM will be used to elucidate the mechanisms underlying the EPE
in Al, Mg, and Ti alloys as well as steels.

[1] K. Okazaki, M. Kagawa, and H. Conrad, “A study of the electroplastic effect in metals,” Scr. Metall., vol. 12, no.
11, pp. 1063—-1068, Nov. 1978, doi: 10.1016/0036-9748(78)90026-1
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ID 51 - Magnesium alloys containing yttrium, gadolinium and calcium processed by Equal Channel
Angular Pressing (ECAP)

Stanislav Sasek’, Jitka Straska', Peter Minarik" 2, Robert Kral', Jozef Vesely', Jiti Kubasek?

I Charles University, Faculty of Mathematics and Physics, Department of Physics of Materials, Ke Karlovu 5, 121 16 Prague,
Czech Republic

2 University of Zilina, Univerzitna 1, Zilina 01026, Slovakia

3 University of Chemistry and Technology, Faculty of Chemical Technology, Department of Metals and Corrosion
Engineering, Technicka 5, 166 28, Praha 6, Dejvice, Czech Republic

Magnesium alloys with low density and high specific strength are suitable candidates for the use in weight-saving
industries, such as the aerospace industry. The use of magnesium alloys in the aerospace industry is limited because
of their low flammability resistance. Flammability resistance of magnesium alloys can be affected by alloying
elements. It has been proven that rare earth metals and calcium increase resistance to ignition.

Magnesium alloy containing yttrium, gadolinium and calcium (Mg-2Y-2Gd-1Ca, wt. %) was designed for use in the
aerospace industry. In order to obtain a fine-grained microstructure, alloy was processed by extrusion and also eight
passes of Equal Channel Angular Pressing (ECAP). The microstructure after extrusion was bimodal. The grain size
and the degree of recrystallization depended on the parameters of extrusion. ECAP processing led to homogenous
microstructure with mean grain size less than 1 pum, which meets the parameters of ultrafine-grained alloys. The
mechanical properties corresponded to the observed microstructure. The alloy is also characterized by a high ignition
temperature and is therefore promising for use in the aerospace industry.

The microstructure was observed using transmission and scanning electron microscopy, including electron
backscatter diffraction (EBSD). Mechanical properties were studied using tensile/compressive deformation tests and
microhardness measurements.

Presenting author: Stanislav Sasek, Charles University, Faculty of Mathematics and Physics, Department
of Physics of Materials, Ke Karlovu 5, 121 16 Prague, Czech Republic, sasekstanislav@seznam.cz



ID 64 - Analysis of the texture influence on deformation behavior of a rolled AZ31 magnesium alloy

Jan Dittrich!, Jan Capek'?, Gergely Farkas®, Michal Knapek', Peter Minarik'
1Charles University, Department of Physics of Materials, Prague, Czech Republic

2Paul Scherrer Institute, Laboratory for Neutron Scattering and Imaging, Villigen, Switzerland
3The Czech Academy of Sciences, Nuclear Physics Institute, Rez, Czech Republic

A rolled sheet of the magnesium alloy AZ31 exhibiting a strong basal texture was analyzed in order to reveal the
influence of this texture on the activation of individual deformation mechanisms. Sets of samples with three distinct
orientations — rolling direction (RD), normal direction (ND) and 45° between RD and ND (45) were subjected to
compressive loading. During this, a set of mutually complementary advanced in-sifu experimental techniques was
employed to reveal the active deformation mechanisms. Neutron diffraction spectra were collected in pre-selected
points along the deformation curves together with a concurrent measurement of the acoustic emission (AE) signal.
The samples were further compressed inside the specimen chamber of a scanning electron microscope, allowing for
the collection of electron backscattered diffraction (EBSD) patterns in corresponding stages of deformation. These
measurements were complemented by a high-speed camera imaging of the deformed sample surface providing an
insight in the macroscopic inhomogeneities of strain distribution, further highlighted by application of a digital image
correlation (DIC) analysis on these datasets. The key influence of sample orientation with respect to the detected
texture and direction of loading on the activation of individual deformation mechanisms mediating its plasticity was
confirmed due to the mutually complementary information obtained from each experimental technique. Namely the
activity of the {1012} extension twinning throughout the straining of the samples has proved to play a crucial role in
the overall mechanical properties of the deformed material, mediating yielding as well as providing potential for
further strain accommodation in the favorably oriented samples.

Presenting author: Jan Dittrich, Charles University, Department of Physics of Materials, Prague, Czech
Republic, dittrich.jan.cz@gmail.co



ID 153 - Deformation Mechanisms in Pure Heat-treated Polycrystalline Cobalt with Different High
Temperature FCC Phase Content

Adam Gres, Michal Knapek, Patrik Dobron, Peter Minarik, FrantiSek Chmelik
Charles University, Faculty of Mathematics and Physics, Department of Physics of Materials, Ke Karlovu 5, 12116 Prague 2,
Czech Republic

Systematic two-step thermal treatment was employed to control the microstructure of the pure cobalt samples and
the residual high temperature fcc phase content. First isothermal annealing was applied, annealing the samples at
different temperatures between 600°C and 1100°C, causing recrystallization and grain growth. Next thermal cycling
around the phase transition temperature was used. This thermal preparation resulted in controlled grain size and fcc
phase content. Compressive deformation testing with constant speed of deformation combined with acoustic emission
(AE) technique was carried out on thus-prepared different sets of cobalt samples. The results shows that increasing
grain size increases fracture strain while decreasing yield strength. As the fcc phase content decreases both yield
strength and fracture strain decrease. Analysis of AE data shows further differences in the deformation dynamics in
terms of basic AE parameters as well as power-law distributions of energies of the AE events. This confirms the
collective nature of twinning and dislocation motion in cobalt, suggesting that interactions between dislocations result
in self-organized scale invariant avalanche-like motion of dislocation ensembles.

Acknowledgment: This work was financially supported by the Czech Science Foundation, grant No. 19-22604S.
A.G. acknowledges financial support from the Charles University Grant Agency, grant No. 360721.
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ID 199 - Structure-dynamics relationships in cryogenically deformed bulk metallic glass
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The atomistic mechanisms occurring during the processes of aging and rejuvenation in glassy materials involve very
small structural rearrangements that are extremely difficult to capture experimentally. Here we use in-situ X-ray
diffraction to investigate the structural rearrangements during annealing from 77 K up to the crystallization
temperature in Cu44Zr44 AISHf2Co2 bulk metallic glass rejuvenated by high pressure torsion performed at cryogenic
temperatures and at room temperature. Using a measure of the configurational entropy calculated from the X-ray pair
correlation function, the structural footprint of the deformation-induced rejuvenation in bulk metallic glass is
revealed. With synchrotron radiation, temperature and time resolutions comparable to calorimetric experiments are
possible. This opens hitherto unavailable experimental possibilities allowing to unambiguously correlate changes in
atomic configuration and structure to calorimetrically observed signals and can attribute those to changes of the
dynamic and vibrational relaxations (a-, B- and y-transition) in glassy materials. The results suggest that the structural
footprint of the B-transition is related to entropic relaxation with characteristics of a first-order transition. Dynamic
mechanical analysis data shows that in the range of the P-transition, non-reversible structural rearrangements are
preferentially activated. The low-temperature y-transition is mostly triggering reversible deformations and shows a
change of slope in the entropic footprint suggesting second-order characteristics [1].

[1] Spieckermann, F., Sopu, D., Soprunyuk, V. et al. Structure-dynamics relationships in cryogenically deformed
bulk metallic glass. Nat Commun 13, 127 (2022). https://doi.org/10.1038/s41467-021-27661-2

Florian Spieckermann: Department of Materials Science, Chair of Materials Physics, Montanuniversitit
Leoben, Jahnstral3e 12, 8700, Leoben, Austria, florian.spieckermann@unileoben.ac.at



C.8. Direct and indirect additive manufacturing

ID 9 - Preparation of Superconcentrated Silver and Copper Oxide Nanoparticle Inks for LIFT-
Printing of Electronics
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Thessaloniki, Greece

2PLiN Nanotechnology S.A, Spectra Business Center, 57001 Thessaloniki, Greece
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As the demand for miniaturization of electronics increases, so does the need for high-throughput, additive
microfabrication processes and materials. Laser-Induced Forward Transfer (LIFT) responds to this need by enhancing
the resolution of micron-sized printed conductive patterns!. LIFT prefers highly concentrated, viscous ink
formulations with non-volatile solvents®. Inks with small particles and uniform size distributions result in dense,
highly conductive printed patterns. Although LIFT has been extensively studied, the same cannot be said for the inks
used for LIFT?. This work focuses on the preparation of highly concentrated silver and copper oxide LIFT nanoinks
from commercial nanoparticle suspensions. Particle concentration of the inks prepared varied between 20 and 60
wt.% and their viscosity was greater than 10,000 cP. The nanoparticles were dispersed in glycol-water co-solvent
media. Thermogravimetric Analysis confirmed the smooth evaporation of the solvents. The colloidal stability of the
nanoparticles was evaluated via UV-Visible Spectroscopy and their size was studied via Transmission Electron
Microscopy. The inks prepared were stable in the course of a few months and the particles were smaller than 100
nm, with unimodal size distribution. Thus, the properties of the inks were promising for LIFT.

This research has been co-financed by the European Union and Greek national funds through the Operational
Program Competitiveness, Entrepreneurship and Innovation, under the call RESEARCH — CREATE — INNOVATE
(project code: TIEDK-00814).

1. Koritsoglou O. et al., Opt Mater Express, 2019, 9(7):3046
2. Sopefia P. et al., Appl Surf Sci, 2020, 507:145047
3. Kalaitzis A. et al., Appl Surf Sci, 2019, 465:136-142
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ID 32 - In-situ detection of defects generated by spatter in laser powder bed fusion

Claudia Schwerz*, Ahmad Raza*, Lars Nyborg*, Eduard Hryha*
* Chalmers University of Technology, Department of Industrial and Material Science, Sweden

The reliability of laser powder bed fusion (LPBF) manufactured material is limited, particularly due to the presence
of defects. Defects can occur stochastically, despite optimization of process parameters, potentially due to spatter
redeposition on the powder bed. As spatter generation is intrinsic to LPBF, increasing the reliability of the process
relies on monitoring their presence and determining the defects these particles generate. This study aims to detect
spatter redeposits via in-situ monitoring and determine if the detections correspond to internal defects. Identical prints
with varying nominal layer thicknesses were performed with optimized parameters. Long-exposure near-infrared
imaging was used to monitor the builds. The images output from the monitoring system were processed to layer-wise
detect spatter redeposits. It was found that, even though the spatters land primarily close to the gas outlet, there are
layer-to-layer variations on their spatial distribution, mainly due to the scan pattern. With increasing nominal layer
thicknesses, larger amounts of spatter redeposits are detected on a larger extensions of the build area. Virtually no
defects were identified in the specimens where no spatter redeposits were detected, while in the specimens where
they were detected, large defects were randomly distributed. These defects were confirmed lack of fusion, and spatters
were observed in their adjacencies. Thus, spatters were confirmed as the source of stochastic defects and could be
successfully detected in-situ.

Acknowledgements: Project MANUELA - Additive Manufacturing using Metal Pilot Line, funded by European
Union’s Horizon 2020 research and innovation programme under grant agreement no. 820774. Centre for Additive
Manufacturing — Metal (CAM2), supported by the Swedish Governmental Agency of Innovation Systems (Vinnova).

Presenting author: Claudia Schwerz, Chalmers University of Technology, Department of Industrial and
Material Science, Rannvigen 2, SE-412 96, Gothenburg, Sweden



ID 39 - Microstructural Control in Additive Manufacturing of Titanium Alloys
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The control of microstructure in metallic additive manufacturing (AM) is critical to ensuring AM parts are built to
as-designed specifications. With the far from equilibrium conditions and unique thermal histories intrinsic to AM
build processes, understanding how to achieve microstructural control has proven a challenge across many alloy
systems. Titanium alloys in particular are attractive for producing parts via AM, considering the high cost and waste
associated with traditional manufacturing of these alloys. However, these alloys may also exhibit solid-state
transformations that obscure the as-solidified microstructure. This makes understanding how the as-solidified
microstructure and texture influences the post solid-state transformation microstructure difficult, and establishing
control over microstructural evolution more challenging. This work highlights recent efforts to contend with these
challenges, assessing microstructural and texture response to changes in local AM build environments, and how
thermal cycling during a build process can lead to further control of titanium microstructures after solidification and
solid-state transformations.

Presenting author: Alec I. Saville, 326 Stagecoach Trail, Elizabeth CO 80107 — Email: asaville@mines.edu
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ID 76 - WC-Co additive manufactured depositions on a HSS 390 steel substrate: a microstructural
investigation
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The Direct Energy Deposition (DED-AM) is a novel 3D printing process widely employed for building layer by layer
components for several industrial fields, such as biomedical, aerospace and automotive. WC-Co is a well-known
cermet coating for tribological applications, mainly characterized by the dispersion of WC particles into a Co matrix
acting as a binder. Considering its high wear resistance as well as its high hardness and strength, the thermal spraying
technique is commonly used to perform WC-Co coatings on several substrates, but currently DED may be
successfully employed as an alternative manufacturing process.

In the present study, WC-12%Co powders were deposited on the HSS 390 tool steel using two DED-laser deposition
methods and different process parameters; power, scanning speed and feed rate were appropriately changed in order
to consider their effect on the microstructural properties of the hardfacing material. Microstructural analyses were
carried out by means of optical microscopy (OM), scanning electron microscopy (SEM) and X-ray diffraction (XRD).
Preliminary results demonstrated that the use of different deposition methods as well as the number of layers could
significantly affect the distribution of phases across the additive manufactured coating. Moreover, the results obtained
by this experimental investigation enabled to suggest possible optimization of the process parameters to prevent the
presence of different defects such as cracks and porosity.

Keywords
WC-Co, DED, microstructure, HSS 390, deposition
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ID 89 - Multiscale characterisation of maraging steel microstructure obtained by laser powder bed
fusion
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Laser powder bed fusion (LPBF) is an additive manufacturing process that allows to produce complex steel parts
using a minimum amount of material. In this work, the as-built microstructure of a high performance 300 maraging
steel was characterised during each stage of the process: melting, solidification, phase transformation and
precipitation. Different printing parameters such as layer thickness and laser emission mode were modified. For all
conditions, samples were subjected to different heat treatments with the aim of studying the microstructure evolution
after ageing at different temperatures (T), ranging from 480 to 540 °C. Different characterisation techniques such
as X-ray diffraction (XRD) analysis, transmission electron microscopy (TEM), electron probe micro analyser
(EPMA) and electron backscatter diffraction (EBSD) were used.

XRD results enabled to identify three main phases in the microstructure, BCC, BCT and FCC. The EPMA analysis
showed solute segregation at melt pool boundaries. TEM results revealed the presence of Ti, and Al enriched
nanoparticles in the as-built microstructure. With the increase in T, austenite growth and precipitation of NisTi and
FesMog intermetallics was observed. The hardness peak was reached at Ty = 480 °C. No significant effect was
observed for the printing parameters studied in the evolution of the microstructure during aging, neither in the
precipitated phases (carbides and intermetallics) nor in their volume fractions. It was observed that the aged
microstructures are comparable to that obtained by conventional manufacturing methods.
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Figure 1. Result selection of OM, SEM, TEM and X analyses.
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ID 117 - Integration of NiTi crack sensors in aluminum alloys by material extrusion (MEX)
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Portugal

Novel systems that respond to unusual requests, such as self-healing, can now be efficiently produced through indirect
additive manufacturing (AM) technologies such as material extrusion (MEX). In aeronautic applications, the
integration of sensors to detect cracks and actuators to repair failures in critical components is essential. In this study,
the material extrusion (MEX) AM technology was selected for ensuring the best adhesion between the matrix
(component material) and the sensor (wire). Consequently, the layer-by-layer shaping of the part/system could be
simultaneous with the integration of superelastic NiTi shape memory alloy (SMA) wires as crack sensors, followed
by debinding and sintering thermal cycles without promoting the formation of other phases. Therefore, filaments
were produced using feedstocks of 60 vol.% metallic powders (Aluminum Alloy (AA 7050)), organic binder, and
additives. Stainless Steel 316L as the matrix was the selected standard material. The main goal was to improve the
procedures for integrating wire sensors into metallic matrixes, ensuring high performance during its application while
retaining the shape memory alloy properties. Before and after sintering, X-ray microtomography was performed to
evaluate the adhesion efficiency between matrixes and crack sensors, and electrical resistivity measurements were
carried out to assess the sensor's performance. Although the AA7050 matrix manufactured through MEX with the
NiTi wire inserted shows good adhesion as green, an optimized sintering process is required to produce the whole
system accurately. Even so, cold isostatic pressing improved the overall processing steps.

Presenting author: Patricia Freitas Rodrigues (pf.rodrigues@uc.pt), University of Coimbra, CEMMPRE,
Department of Mechanical Engineering, Polo II, R. Luis Reis Santos, 3030-788 Coimbra, Portugal
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Processing by rapid solidification can enhance the performance of Al alloys due to (i) supersaturation of the Al
matrix, (ii)) homogeneously distributed phases, (iii) structural refinement and (iv) high-strength, non-equilibrium
phase formation. Additive manufacturing, viz. laser powder bed fusion (LPBF), enables high cooling rates between
10* to 10° K/s [1, 2] irrespective of the sample geometry. This offers a unique potential for the fabrication of novel
Al alloys and tailored lightweight designs. In this study, the effect of processing parameters on the microstructure of
an Alp;MneCe; alloy was investigated by SEM, EBSD, TEM and XRD. High cooling rates caused a high amount and
a strong refinement of the intermetallic non-equilibrium Al,)Mn,Ce phase. This microstructure combined with low
porosity (0.05%) led to a high hardness (180 HV 5) and a pronounced tolerable compressive stress (> 1200 MPa).
Furthermore, we have investigated the effect of baseplate heating to reduce residual stresses in scaled-up geometries.
This in-situ heat treatment results in a coarsening of the microstructure and an increased amount of other phases like
Al;1Ce; and AlsMn. Additionally, the decreased density (< 97%) induces a premature failure of the alloy during
tensile testing. In summary, this work focuses on a better understanding of the process-microstructure-property-
relationship of AloxMnsCe; and discusses perspectives and limits of its application in lightweight construction.

[1] S. Pauly, P. Wang, U. Kiihn, K. Kosiba, Experimental determination of cooling rates in selectively laser-melted
eutectic Al-33Cu, Additive Manufacturing 22 (2018) 753-757.

[2] Y. Li, D. Gu, Parametric analysis of thermal behavior during selective laser melting additive manufacturing of
aluminum alloy powder, Mater Design 63 (2014) 856-867.
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Laser induced forward transfer (LIFT) of metal nanoparticle dispersions, combined with laser sintering in a two-step
digital fabrication approach [1], has been proven a key enabling technology for the manufacturing of functional
flexible microelectronic devices [2]. In this work we investigate the laser printing and sintering process of Ag
nanoparticle inks, an effective technique capable of producing conductive patterns with a printing speed up to 4
m/sec. The laser-printing technique is employed to develop Ag metal nanoparticle parallel line grids as replacement
to the bottom Indium Tin Oxide (ITO) electrode in organic photovoltaics (OPVs). We investigate the effect of a range
of essential to the laser printing and sintering technique parameters to the overall electrical performance and
morphological characteristics of the laser printed conductive grid. The formed jet is characterized with the
employment of a highspeed camera, while the laser printed metal-grid optical transmittance was evaluated with a
spectrophotometer and the electrical behavior of the conductive lines is assessed by means of electrical measurements
in a 4-point probe IV station. The laser-printed Ag grid lines have adequate line morphology and high electrical
conductivity while the Ag metal grid transparency was varied by altering the number of Ag grid lines within the
OPVs ITO-free bottom electrode. Consequently, ITO-free OPVs incorporating laser-printed Ag grids bottom
electrode with up to 11% power conversion efficiency will be presented [3]. The results validate the versatility of the
laser printing and sintering technique, which can offer a specific solution for applications in highly efficient ITO-free
OPVs.

Acknowledgements: The authors acknowledge funding from the EU Horizon 2020 R&I programme under grant
agreement 862474 (project RoOLA-FLEX).
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ID 170 - Tuning the shape memory polymer properties through 3D printing strategy: An
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Shape memory polymers (SMPs) are a class of smart materials constituting an exceptional solution for critical
applications in biomedical, aecrospace and energy sectors, owing to their unique thermal shape recovery and chemical
stability. Although additive manufacturing (AM) emerges as a promising method for handling SMPs to fabricate
functionally graded freeform structures, while overcoming geometry limitations, the effect of AM process signature
and printing strategy on the shape recovery characteristics has yet to be investigated.

Pressurized air () Thickness: 2 mm

(a)
—

Heat cartridge slots

Nozzle

T
G :\5\\{’
Rcctiml:ar 90° Rectilinear 45° Hilbert 90° Hilbert 45°

" ; 3 / f/ ﬁ,
i Y

y

To that end, a new pneumatic extrusion system (image l1a) was
developed to benchmark the shape programming and recovery
of a polyurethane based SMP against a conventional fused
filament fabrication (FFF) process eliminating the restriction
of using filaments (typical FFF) and erasing the
thermomechanical history caused due to the filament
production, while evaluating different printing strategies and
parameters (image 1b). To demonstrate that shape recovery
characteristics, such as parameters of shape fixity, recovery
and transition temperature can be significantly enhanced and
‘programmed’ through a variation of AM building strategies
and process parameters beyond tuning of material
compositions alone, an experimental study was developed. In-
situ thermo-micro-mechanical testing was applied to capture
the shape memory properties, both during shape programming
and post that. The pneumatic extrusion system offered higher
consistency and better shape recovery characteristics compared
to the conventional FFF. Finally, different shape memory
response and recovery were observed through various AM
process parameters proving that it is possible to modify the
shape memory polymer properties by controlling the 3D
printing strategy.

Presenting author: Alnto Koualiarella, Department of Mechanical Engineering, School of Engineering,
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Bioprinting enables the formation of living tissues in three dimensions by the precise layer-by-layer printing of
biomaterials, including living cells and cell-laden hydrogels. Among the main bioprinting techniques, such as inkjet,
laser and extrusion printing, laser-induced forward transfer technique (LIFT) offers the highest degree of spatial
resolution (minimum feature of <10 um) and post-printing cell viability. In this study, LIFT printing of different cell-
laden bioinks has been investigated as a function of three key parameters: cell density, laser fluence, and the distance
between the donor—receiver substrate using time-resolved imaging technique for visualizing the printing process.
These bioinks were compared with cell-free bioinks under the same printing conditions to understand the effect of
the particle physical properties on the droplet formation procedure. To evaluate the influence of LIFT on the printed
cells, their growth and DNA damage profiles were assessed and evaluated quantitatively. Results from different cell
densities indicated that the laser fluence and the distance of the donor—receiver substrates play an important role in
the printing impingement type; consequently, a careful adjustment of these parameters can lead to high-quality
printing. Overall, we find that LIFT is able to print patterns of different cell densities with high viability, little to no
heat or shear damage to the cells as indicated by unperturbed growth and negligible gross DNA damage.

Acknowledgements: The authors acknowledge funding from the EU Horizon 2020 FET programme under grant
agreement No 964883.
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ID 166 - Study of interfacial interactions between a gold layer and indium bumps for photonic
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Photonic components such as micro-displays or infrared detectors are developed by 3D integration, where devices
are stacked on top of each other or packaged. The electrical, optical and thermal connections are created between
stacks and package by interconnects. Interconnection system consists mainly of a solder material (e.g. indium bumps)
and Under-Bump Metallization (UBM). The contact is ensured by wetting of the top gold layer of UBM by liquid
indium and formation of Au-In intermetallics (IMCs) at interfaces.

Functional detector at 7.5um pitch was recently produced by LETI and compatibility of this technology at very fine
pitch is demonstrated. However, this development highlighted the limits of this configuration because proportion of
IMCs in interconnection increases with pitch reduction and may cause problems during manufacturing of components
and/or their use. Therefore, thickness reduction of IMCs seems mandatory to reach pitches below 7.5um.

The first step to control the intermetallic growth is to understand the phenomena that occur at the interface indium
bumps/standard UBM. In this work, the interfacial interactions at Au/In are studied between room temperature and
200°C.

Firstly, we characterized the interfaces In bumps/Au pads at different pitches (30pm, 15um and 7,5um) before and after
hybridization. Thicknesses and compositions of IMCs are determined using scanning electron microscopy coupled
with energy-dispersive spectroscopy. Afterwards, growth kinetics of IMCs are determined in the temperature range
20-200°C using solid/solid and solid/liquid diffusion couples. Finally, wetting and spreading kinetics of liquid indium
on solid gold are studied by using the dispensed drop method.

* Presenting author: Oualid Belhaddad
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ID 119 - Determining the Dislocation Density of Nuclear Materials Using CMWP
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In the UK, Advanced Gas-Cooled Reactors (AGRs) use a variation of 316 stainless steel as the fuel cladding due to
its high temperature and corrosion resistance. The operating lives of all of the UK AGRs have been extended over
recent years. As the older AGR stations reach the point where further extensions are not viable, preparation for
removing the fuel and decommissioning is the next step. As a result of these extensions, and necessary lifetime
management of irreplaceable core components, the UO, fuel may have experienced increased burn-up and time in
reactor, potentially impacting the cladding end of life properties (and therefore performance) during post-discharge
and storage activities. Therefore, it is paramount to investigate and establish any physical and mechanical properties
changes, in order to mitigate any potential future handling issues.

The aim of this PhD is to gain a fundamental understanding of the effects of radiation damage on the AGR
fuel cladding material, stainless steel, by extrapolating data to predict damage for higher burn-up nuclear
fuel. The current focus of the project is to use a novel X-ray Diffraction (XRD) technique, Convolutional
Multiple Whole Profile (CMWP) analysis, in order to determine the dislocation density and defect type
within a material. This is done by analysing diffractograms, specifically parameters such as peak
broadening. In order to fully understand the applicability of this technique to AGR material, a metallic
zirconium system will first be investigated to establish operating parameters.

In this contribution, the analysis of zirconium will be presented. An initial investigation on as-received
zirconium (AR-Zr) compared to an AR-zirconium that has been heat treated, in order to anneal and
recrystallise the sample, has been undertaken. The sensitivity of CMWP has been tested; data for an AR-
Zr sample from two XRD machines that use a different radiation source have been compared. Future work
packages, which include comparison stainless steel materials and microscopy data will also be described.

Kavi Sharma: The University of Sheffield, ksharma3@sheffield.ac.uk
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Spider silk is a very fascinating material, which has been engineered by nature since almost 400 million years [1]
and shows exceptional mechanical properties. In addition to its impressive mechanical performance, a variety of
possible medical applications have emerged due to its excellent biocompatibility. Specifically, spider silk is a
promising material for nerve regeneration and has successfully worked as center piece of nerve guidance conduits.
The silk supports the adhesion and movement of Schwann cells which are responsible for the regeneration of
peripheral nerves after injury [2]. In cell culture experiments Schwann cells were found to prefer certain types of
spider silks to others. In this study we examine whether the ultrastructure of silk affects its acceptance by Schwann
cells. For this, differently sterilized silks of Nephila edulis were investigated by scanning nanobeam X-ray diffraction
(nanoXRD) [3]. Because of the small dimensions of the samples a sub-micron synchrotron X-ray beam was employed
to get information about the silk ultrastructure in a spatially resolved manner. Nano-diffraction experiments were
carried out at the European Synchrotron Radiation Facility (ESRF) ID13 beamline in Grenoble. We could observe
differences regarding the degree of crystallinity as well as in the dimensions and orientation of -poly(L-alanine)
nanocrystals between the different ways of sterilization (UV, autoclavation and ethanol) compared to the native silk.
Furthermore, we were able to confirm and correlate these results with findings from Raman spectroscopy.
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Figure 3. Scattering pattern of spider silk fibre sterilized by an ethanol treatment. Black arrow indicates direction of silk fibre longitudinal axis.
(hkl) indices refer to reflections of B-poly(L-alanine) lattice. Black dashed lines enclose integration area for the (020), (210) and (040)
reflections.

[1] Shear, W. A., et al. (1989). "A Devonian Spinneret: Early Evidence of Spiders and Silk Use." Science 246(4929):
479-481.

[2] Kornfeld, T., et al. (2021). "Spider silk nerve graft promotes axonal regeneration on long distance nerve defect in
a sheep model." Biomaterials 271: 120692.

[3] Riekel, C., et al. (2019). "Nanoscale X-Ray Diffraction of Silk Fibers." Frontiers in Materials 6(315).
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In recent years, (Ag,Cu)(In,Ga)Se2, (ACIGS), started to gain importance in the scientific community due to its high
bandgap value, compatible with tandem solar cells’ top layer. Compared with champion Cu(In,Ga)Se2 (CIGS), when
both materials are grown at the same temperature, the grain quality of ACIGS is improved Thus, opening the door to
grow ACIGS at lower temperatures, compatible with flexible and transparent substrates. In CIGS, the alkali post-
deposition treatment (PDT) allows for higher efficiency values, although the mechanisms of the positive impact of
PDT are not yet understood. When we address ACIGS, the introduction of another element increases even further
the complexity of the impact of the PDT. Hence, the main objective of this work is a preliminary study on the effect
of the PDT on high bandgap ACIGS.

In this work, it was grown an ACIGS layer with a composition that allows for high bandgap values, although far
from the conventional ratio of the state-of-the-art (A)CIGS. The samples were characterized structurally and
morphologically by XRD, GI-XRD, Raman Spectroscopy, XPS, and TEM-EDS, and optoelectronic properties were
scrutinized by EQE and admittance spectroscopy measurements. Comparing the XRD and GI-XRD, the plane (112)
is more predominant in the sample with the PDT. TEM-EDS revealed the formation of a RbInSe2 compound. The
optoelectronic results showed an increase in the open-circuit voltage value by 60 mV, compared with the non-PDT
ACIGS, although the PDT led to a decrease of the fill-factor by 8 % in absolute values, possibly indicating, again,
the presence of a RbInSe2 layer.
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Nanotwinned materials are the subject of many researches because they show mechanical properties that are usually
antagonistic, namely high yield strength and good ductility [1]. We performed tensile tests on gold thin films with
nanotwins, in-situ under X-ray diffraction and we observed the growth of twins in the crystal [2]. Atomistic
simulations are a useful complementary tool to better understand the deformation mechanisms occurring in these
materials. We first focused on Y, 3 [110](112) incoherent twin boundaries (ITBs). These ITBs can be described by
a set of three Shockley partial dislocations where two of these dislocations are mixed and one is a pure edge [3]. The
structural relaxation of such an ITB is induced by the slip of the pure edge dislocation of each set; this slip leads to
the formation of a new crystalline phase, the 9R phase, whose width determines the relative lateral displacements
between the two grains bordered by the ITB. We estimated the extension of the 9R phase in gold with molecular
statics (with two commonly used potentials) and with density functional theory computations [4]. Finally, we studied
the interactions between parallel ITBs. The results showed that, depending on the distance and the associated planes
stacking between the ITBs, they can merge, generating an extended 9R phase. This helps in understanding the
migration of the ITBs, and hence the stability of nanotwinned materials.

[1] L. Lu et al. « Revealing the maximum strength in nanotwinned copper ». Science 323, 5914 (2009), doi:
10.1126/science.1167641.

[2] J. Drieu La Rochelle et al. « Study of uniaxial deformation behavior of 50 nm-thick thin film of gold single
crystal using in situ X-ray pole figure measurements ». Surf. Coat. Technol. 377, 124878 (2019), doi:
10.1016/j.surfcoat.2019.06.103.

[3] J. Wang et al. « Dislocation structures of Y;3 {112} twin boundaries in face centered cubic metals ». Appl.
Phys. Lett. 95, 021908 (2009), doi: 10.1063/1.3176979.

[4] Y.F.Woguem et al, in preparation.
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ID 47 - Investigation of the dynamics of deformation mechanisms in Mg-Gd alloys using in-situ
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The dynamics of deformation mechanisms activated in binary magnesium-gadolinium alloys with respect to amount
of Gd was investigated with in-situ experimental methods. Cast alloys were characterized by random texture.
Compression test were done at room temperature with simultaneous record of acoustic emission response. The
acoustic emission signal was subsequently analysed using advanced clustering method providing information about
the dominant deformation mechanisms. High speed camera was used to study the dynamics of twinning, including
estimation of the velocity of twin propagation with respect to Gd concentration. The results clearly indicate that the
twin propagation rate is of order of 10" m/s and it slows down with increasing Gd concentration Deformation tests
were repeated in a chamber of scanning electron microscope (in-situ SEM) with concurrent following the
microstructure development using secondary electrons and electron back-scattered diffraction (EBSD) in different
stages of the deformation. Main goal of this measurements was to identify active slip systems and the progress of
twin volume fraction during deformation.

Presenting author: Andrea Szabdova, e-mail: aszabo.cuni@gmail.com



ID 73 - Characterization of Strain Localizations under Cyclic Loading through Multi-Scale Digital
Image Correlation Study
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Fatigue damage of polycrystalline metallic alloys involves highly localized plastic strains at a microstructural scale.
The mechanistic understanding of damage accumulation and the development of microstructural scale deformation
models require the characterization of localized plastic strains under cyclic loading. Digital Image Correlation (DIC)
is a versatile experimental technique, which is used for quantitative analysis of local strain distributions at various
length scales. In the context of microscopic strain field quantification, high-resolution DIC measurements using nano-
sized speckle patterns are conducted to achieve details on the sub-grain scale strain localizations through the
formation of slip bands. Although this method provides valuable information for the mechanism of strain localization,
it is applicable only to a small field of view and in-situ analysis is limited with a few examples. In this work, two
different DIC approaches are employed to characterize the cyclic plastic behavior of Stainless Steel 316L. First, in-
situ DIC analysis with stereomicroscopy technique is performed to obtain statistically representative, grain-scale
strain response through a larger field of view. This is achieved by transferring the pattern with micron-scale details
to the specimen surface with the lithography method. Second, high-resolution DIC in SEM is conducted ex-situ to
resolve sub-grain scale strain localizations around individual slip bands. The information gathered through DIC
measurements is linked with the microstructural characteristics of Stainless Steel 316L investigated using Electron
Back Scattering Diffraction. The methodology has the potential to reveal the scale-dependent response of material
microstructure under fatigue loading and to promote the development of microstructural deformation models.

Presenting author: Elif Cansu Kursun, Paul Scherrer Institute, Laboratory for Nuclear Materials, 5232
Villigen PSI, Switzerland, cansu.kursun@psi.ch
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Machine learning is gaining traction amongst the materials science community. The potential applications are
extensive, but a common drawback is the current lack of available labelled data on the scale required for complicated
learning tasks. Such vast datasets are expensive, time-consuming and cumbersome to acquire. As such, it is common
to utilise convolutional neural networks (CNNSs) that are pretrained on the ImageNet dataset (over 1 million natural
images across 1000 classes including vehicles and pets). These pretrained networks work relatively well in some
applications, but intuition says that bespoke training on an equivalent dataset for microstructural images would offer
more meaningful image representations for classification. Truly representative synthetic image data could be used to
construct such datasets, to verify this without the cost and labour required to physically acquire and label the real
image data.

Here, we explore generative adversarial networks (GANs) and variational autoencoders (VAEs). These methods
share a similar architecture - they are both generative algorithms comprised of a pair of CNNs. However, GANs aim
to generate realistic synthetic images from a random vector contained in the so-called latent space and VAEs aim to
construct the latent space, usually referred to as the encoded space in this instance, with the aim of reconstructing the
input image exactly. This parity is investigated here, with the goal of furthering our knowledge of the GAN latent
space, which is currently poorly understood.

Michael White07917031794
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42 Ellesmere Street

Manchester
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The objective of this work is to contribute to the understanding of processes occurring at early stages of deformation
leading to localized deformation in austenitic stainless steels.

To achieve this, our approach is to perform in-situ straining (ISS) experiments, at the interior of a Transmission
Electron Microscope (TEM). This type of experiments provides direct information of the microstructural processes
occurring while the sample is being strained, such as nucleation and movement of dislocations, interaction between
dislocations and defects and processes occurring at grain boundaries.

The material under study is the AISI-316L, because due to its high corrosion resistance and good mechanical
properties, it is a recurrent material in the construction of internal components of nuclear power plants, and as an
FCC metal, the slip systems that allow deformation in this type of structures are limited and are easily recognizable.
Two irradiation conditions have been studied: (1) ISS specimens implanted with helium ions and (2) ISS specimens
irradiated with iron ions. Both of them along with the non-implanted material, have been tested and the evolution of
the microstructure under deformation has been video recorded. After the ISS experiments inside the TEM, the
resulting microstructure have also been characterized by means of SEM/EBSD.

The specific qualitative and quantitative information obtained from dislocation-defect interaction or early stages of
defect-free channels formation will be presented and discussed.

Presenting author: Silvia Guerra Rodriguez
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Buckling of coatings and thin films is a well-known phenomenon that has been widely studied both from a numerical
and an experimental point of view. Due to high compressive stresses, a thin film is likely to delaminate and buckle
from its substrate. This phenomenon is well described by the Foppl von-Karman (FvK) equations within the
framework of linear elasticity [1].

In the case of 2D materials such as graphene, the validity of continuum elastic behavior extracted from the FvK
equations may be questionable. In particular, the thickness is a parameter that needs to be known to describe, in the
framework of the theory of elasticity, the thin film buckling. Unlike conventional materials, the thickness of 2D
materials is not accurately defined and different values have already been proposed in the existing literature for
graphene [2]. This is the scope of the study to determine the thickness of graphene that best enables an elastic
description of this 2D material buckling.

To do so, static molecular (SM) simulations and Density Functional Theory (DFT) calculations have been performed.
Characteristic equilibrium profiles at the atomic scale have been calculated for different compressive strains (see one
configuration in Figure 1). The evolution of the critical strain for buckling will be presented as a function of the
buckle size and the crystallographic orientation, armchair or zigzag [3].
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Figure 1: Characterisitic buckled graphene (in blue) on a Cu (111) substrate (in red), submitted to a compressive strain at 4% along the ﬁO 1]
axis corresponding to armchair orientation (static moleculat simulations).

[1] Ruffini, A., Durinck, J., Colin, J., Coupeau, C., Grilhé, J., 2012. Effects of sliding on interface delamination
during thin film buckling. Scripta Materialia 67, 157—160.

[2] Wang, C.Y., Zhang, L.C., 2008. A critical assessment of the elastic properties and effective wall thickness of
single-walled carbon nanotubes. Nanotechnology 19, 075705.

[3] Gao, X., Li, C., Song, Y., Chou, T.-W., 2016. A continuum mechanics model of multi-buckling in graphene —
substrate systems with randomly distributed debonding. International Journal of Solids and Structures 97-98, 510—
519.



D.4. Atomic scale modelling of advanced materials

ID 42 - Atomistic simulations of surface-induced amorphization kinetics in y-Alumina
nanoparticles

Simon Gramatte'>", Jose Antonio Simon Greminger', Olivier Politano®, Florence Baras?, Lars Jeurgens',
Vladyslav Turlo!

1 Empa - Swiss Federal Laboratories for Material Science and Technology, Feuerwerkerstrasse 39, CH-3602 Thun,
Switzerland

2 Laboratoire Interdisciplinaire Carnot de Bourgogne, UMR 6303 CNRS-Université Bourgogne Franche-Comté, 9 Avenue A.
Savary, BP 47 870, F-21078 DIJON Cedex, France

Aluminum oxide nanoparticles (NPs) are of great relevance in the fields of catalytic reactions as well as oxide
dispersed strengthening of metal matrix composites, in particular, applied to metal additive manufacturing [1,2].
Specifically, the surface structure in relation to nanoparticle size and temperature is defining their performance as
catalysts and nucleation sites. Atomistic simulations provide a comprehensive atomic-scale description of the surface-
related phenomena.

t=0ps

In this work, we used the reactive third-generation charge-optimized many-body potential to access the structure and
chemistry of gamma-AI203 NPs in large-scale molecular dynamics simulations. We provide a unique study of
relatively-large nanoparticles, corresponding to commercially available ones in order of 10-nm size. We found that
at an intermediate temperature of 900 K gamma-Al203 NPs undergo surface-induced structural transformation to
the amorphous phase, which is in alignment with available experimental observations [3]. The concept of distorted
octahedral coordination polyhedras is introduced as a common structural element of both gamma and amorphous
Al203. This new study highlights the importance of amorphous alumina as the common structure of nanoparticle
surfaces, defining the application of nanosized Al203 at intermediate temperatures.

[1] R. Prins, On the structure ofy-Al1203, Journal of Catalysis 392 (2020)529336-346.

[2] J. Naser, W. Richemann, H. Ferkel, Dispersion hardening of metals by nanoscaled ceramic powders, Materials
Science and Engineering A 234-582236 (1997) 467-4609.

[3] A. H. Tavakoli, P. S. Maram, S. J. Widgeon, J. Rufner, K. Van Benthem, S. Ushakov, S. Sen, A. Navrotsky,
Amorphous alumina nanoparticles: Structure, surface energy, and thermodynamic phase stability, Journal of Physical
Chemistry C 117 (33) (2013) 17123-17130.

Presenting author: Simon Gramatte, Feuerwerkerstrasse 39, CH-3602 Thun, simon.gramatte@empa.ch



ID 99 - B-TiNDb in presence of antibacterial Ga and Cu by ab initio calculations

Y. Fortounal and Ch. E. Lekkal,*

1University of loannina, Department of Materials Science & Engineering, loannina 45110, Greece

B-TiNb alloys belong to the second generation of biocompatible materials suitable for orthopaedics due to their low
stiffness, excellent corrosion resistance and relatively low Young's modulus. The presence of Ga and/or Cu
antibacterial elements could enrich these B-TiNb properties making them more effective against biofilm-related
infections. This work aims to study the structural and electronic properties as well as the Bulk modulus of B-Ti-
45NbX (X=Ga and Cu up to 8%). It is found that both Ga and Cu in Ti-45Nb prefer to have Ti atoms as first
neighbours against Nb in agreement with Sn, In and Hf substitution in Ti-40Nb. The B-Ti-45NbX (X=Ga, Cu) lattice
constants decrease with X content due to their smaller atomic radius compared to Ti and Nb. Ga substitutions
introduce new low energy states (even at -7.60eV) with Ga-4s and/or Ga-4p character revealing bonding and/or anti-
bonding features with the Ti first neighbours altering the system’s mechanical properties while the Ga-3d electrons
are well localized at -14.30eV. On the contrary, Cu 3d band stands together with the main B-Ti-45Nb band from -
4eV up to the Fermi level showing a clear peak at -3.50eV due to d-d interactions. These results might be use for a
fundamental understanding of the B-TiNb alloys in presence of Ga or Cu substitution aiming to design an implant
with antibacterial properties.



ID 122 - Atomistic assessment of copper melting point depression in confinement with AIN

Yann Miiller, Lars P.H. Jeurgens*, Vladyslav Turlo

Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Advanced Materials Processing,
Feuerwerkerstrasse 39, 3600, Thun, Switzerland

* Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Joining Technologies and
Corrosion, Ueberlandstrassel 29, 8600, Duebendorf, Switzerland

Experiments demonstrated Nano-multilayers (NMLs) of Cu confined with AIN to gain an extraordinary high atomic
mobility, well below its bulk melting temperature. Except the known strong dependency on the defect structure of
the confining interfaces, a detailed atomistic understanding of this extraordinary property of metals in nanoconfined
systems is lacking up to date, bringing to the goal of this work.

We used ab initio calculations to construct a hybrid potential, and performed large-scale atomistic simulations to
clarify the origin of the anamolous high atomic mobility of Cu in confinement with AIN at the nanoscale. We made
several important observations. Cu metal exhibits a melting point depression, which is proportional to the inverse
thickness of the confined Cu nanolayer, in excellent agreement with thermodynamics predictions. Interfacial
premelting of Cu metal occurs at even lower temperatures and propagates through the entire layer. Formation of
defects/premelting at interfaces results in a drastic enhancement of the diffusion rate of Cu atoms along the Cu/AIN
interfaces.

The work clearly demonstrates that the extraordinary fast diffusion of Cu in Cu/AIN NMLs is driven by premelting
within the Cu layer occurring at the incoherent Cu/AIN interfaces. These fundamental findings provide essential
ground for tailoring low-temperature atomic mobilities along heterointerfaces for a wide variety of nanotechnologies,
such as in the fields of joining, solid-state batteries, and low-temperature sintering technologies

We thank Prof. Nicola Marzari (EPFL, Switzerland), Dr. Andrej Antusek (STU, Slovakia), and Dr. Olivier Politano
(UBFC, France) for fruitful discussions and valuable feedback on our work
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D.5. Multiscale and multiphysics modelling of materials

ID 45 - Glass forming ability exploration of Ti-based bulk metallic glass systems using machine
learning tools.

Y. Douest!?, R. M. Forrest®, F. Tancret*, N. Courtois!, D. Fabrégue?, B. Ter-Ovanessian?, J. Chevalier’
1Anthogyr SAS, 2237 Av. André Lasquin, 74700 Sallanches, France

2INSA-Lyon, University of Lyon, UMR CNRS 5510 MATEIS, 20 Avenue Albert Einstein, 69621 Villeurbanne CEDEX, France
3Department of Materials Science and Metallurgy, University of Cambridge, 27 Charles Babbage Road, Cambridge CB3 0FS,
United Kingdom

4University of Nantes, Institut des Matériaux Jean Rouxel IMN, Polytech Nantes, CNRS, Rue Christian Pauc, F-44306 Nantes
3, France

Bulk Metallic Glasses (BMGs), in particular Ti-based BMGs, are attractive materials presenting an excellent set of
properties for use in biomedical applications. Due to their amorphous nature, they generally exhibit enhanced
corrosion resistance and much higher yield strength than their crystalline counterparts. However, the conventional
design of metallic glass systems and the optimization their Glass Forming Ability (GFA) often require laborious
experimental steps. Hence, new investigation strategies such as combinatorial and computational approaches have
emerged recently to accelerate their discovery. In this work, a Machine Learning (ML) guided study is proposed to
explore new Ti-based BMG systems and predict their relative GFA. The ML regression model used consists of a
genetic algorithm combined with a neural network. It evaluates the GFA of multicomponent systems through the
prediction of two main experimental glass former parameters: the critical diameter (D.) and the supercooled liquid
range (ATx). Our model is built on a dataset gathering nearly 500 different BMG compositions with their respective
D. and ATy collected from literature. The algorithm is employed to answer two objectives. Firstly, a prediction of the
composition with the highest GFA within the well-studied TiZrCuPd system was completed. Secondly, the prediction
was extended to find the composition with the highest GFA in a Cu-free Ti-based system. For both objectives, the
compositions predicted as the best glass formers were produced and characterized to assess the quality of the model.
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model.
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ID 63 - Accelerating phase-field microstructure simulations by combining Fourier transforms and
parallelization on graphic cards

A.D. Boccardoa,b,c, J. Seguradoc,d, M. Tonga,b, S.B. Leena,b, D. Tourret,c

a Mechanical Engineering, School of Engineering, College of Science and Engineering, NUI Galway, University Road,
Galway H91 HX31, Ireland.

b I-Form Advanced Manufacturing Research Centre, UCD, Dublin, Ireland.

¢ IMDEA Materials Institute, C/ Eric Kandel 2, 28906, Getafe, Madrid, Spain.

d Universidad Politécnica de Madrid, Department of Materials Science, E.T.S.I. Caminos, C/ Profesor Aranguren 3, 28040,
Madrid, Spain.

Microstructural features like grain morphology, size, and crystal orientations are of great importance due to their
close relationship with the mechanical performance of structural materials. These features are greatly dependent upon
the conditions in which the solidification and heat treatments are developed.

Phase-field models play a prominent role in modern material science since they allow simulating the evolution of
complex microstructures at the scale of representative volume elements. The problem to solve numerically takes the
form of relatively simple, yet strongly coupled, partial differential equations. However, a fine spatial discretization
is required if one aims at describing a sufficient level of detail in the microstructural features, therefore making
simulations quite computationally expensive.

Here, we present an original method to tremendously accelerate phase-field simulations, at the expense of a relatively
minor accuracy cost. We combine semi-implicit Fourier spectral-based methods with massive parallelization using
graphic processing units (GPUs), using Python programming language with PyCUDA and Scikit-CUDA packages.
We use a benchmark simulation for Ostwald ripening as a test case combining Cahn-Hilliard and Allen-Cahn coupled
differential equations, and demonstrate a remarkable speedup (by orders of magnitude) for a comparable accuracy,
to a great extent thanks to the ease of building a semi-implicit scheme using FFT and the resulting enhanced stability
of the resolution with a greater time step.

This publication has emanated from research conducted with the financial support of Science Foundation Ireland

under Grant number 16/RC/3872. D.T. also gratefully acknowledges support from the Spanish Ministry of Science
through a Ramoén y Cajal Fellowship (Ref. RYC2019-028233-I).

Presenting author: Adrian D. Boccardo (adrian.boccardo@nuigalway.ie)



ID 69 - Modelling the Microstructure Evolution During Hot Working of Titanium Alloys

Guy Bowker, Bernadeta Karnasiewicz, Jodo Quinta da Fonseca, Pratheek Shanthraj,
Department of Materials, University of Manchester, UK

Crystal plasticity modelling has been used to determine the effect of strain rate, critical resolved shear stresses and
morphology of the a and B phases on their texture evolution in Ti-6Al-4V during rolling in the -transus temperature
region. The model was used to replicate a uniaxial compression experiment on a sample consisting of large prior -
phase grains with few a-phase colonies within. Neglecting phase transformation mechanisms in the model, it has
been shown that for low volume fractions of B-phase, no change in strain rate sensitivity, CRSS or initial morphology
could account for the development of (0002) || TD texture components in o-phase observed in literature, suggesting
this component forms due to variant-selective phase transformation or recrystallisation mechanism.
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ID 136 - Modelling Environmentally Assisted Cracking in Ni-based Superalloys

S. Rehman', J. Q. Fonseca!, C. Argyrakis?, P. Shanthraj'
! Department of Materials, University of Manchester, Manchester, UK
2 Rolls Royce plc, Derby, UK

Turbine disc Ni-based superalloys form a surface oxide layer when exposed to high-temperatures and corrosive
reagents. Growth of the oxide layer results in a y" precipitate depleted region at the oxide-matrix interface due to
preferential transport of oxide-forming elements to the growing surface oxide. As these superalloys are strengthened
by the dispersion of these coherent y” precipitates, their depletion results in a deterioration of mechanical properties.
A mean-field model has been developed to predict the y* precipitate depletion zone in RR1000, a commonly used
Ni-based turbine-disc superalloy. Initial particle size distributions (PSD) are divided into a series of discrete size
classes, corresponding to the equilibrium phase fraction of y". A multicomponent diffusion driven growth-rate law is
formulated to determine the dissolution rate of each discrete particle size class. This is based on CALPHAD obtained
energy and mobility expressions of the solutes contained within the oxide. The model is first validated against existing
precipitate depletion zone kinetics for RR1000. The effect of temperature on the PSD, specifically as the y’ solvus
temperature (~1100°C) is approached, is then investigated, and the effect of oxygen partial pressure (ppO-) on the
PSD, where a larger ppO: leads to an increased oxide growth rate, hence a higher y” dissolution rate. Finally, the
effect of altering alloy composition on the PSD is studied. Further work would involve coupling this model to a
crystal plasticity model for deformation, to predict the competition between stress build-up due to oxide wedge
protrusion and relaxation due to precipitate dissolution.

This work is supported by the Engineering and Physical Sciences Research Council (EP/S022635/1) and Science
Foundation Ireland (18/ EPSRC-CDT/3584) through the Advanced Metallics Center for Doctoral Training.

Presenting author: Sakina Rehman, 171 Brandlesholme Road, Bury, BL81AZ, Mobile: +447479372189



ID 195 - Effect of casting parameters and geometry on 26-ton ingot defects evaluated by numerical
simulation analysis

A. Mantelli'*, C. Viscardi?, M. Peli’, R. Roberti', M. Gelfi!, A. Pola'

1) Department of Mechanical and Industrial Engineering, University of Brescia, Italy
2) ECOTRE Valente S.r.l., Brescia, Italy

3) ASONEXT S.p.A. Ospitaletto (BS), Italy

The demand for high-quality ingots leads companies to use advanced tools to predict defects within components,
such as numerical simulation software. However, difficulties in defining detailed and reliable input data lead to partial
or incomplete simulation results, thus limiting the attention only on approximate outputs. In fact, to perform a more
realistic simulation, it is necessary to set the proper material properties, process parameters (flow rate, initial
temperatures, etc.), heat transfer coefficient as well as the appropriate geometry and corresponding discretization.
Another important aspect to consider in simulation of large castings is the calculation of convective flows during
solidification, which increases the computational complexity but provides more realistic information.

This paper shows the results of a complete 3D numerical simulation of a 26-ton steel ingot casting, by using
ProCAST® commercial software. Different casting and geometric parameters were modified to evaluate the risk of
defects formation within the ingot, like inclusions originating from the entrapment of casting powder. It was also
determined the impact of different filling methods and convective motions during solidification on the prediction of
defects, such as inclusions, macrosegregations and shrinkage porosities. Furthermore, the reliability of the developed
simulation model was assessed by means of casting experimental tests performed at industrial scale. Finally, on the
basis of the findings, the runner and gating system was optimized by using simplified simulations.
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E.1. Critical raw materials

ID 59 - Biosurfactants for separation of ultrafine mineral particles

Slabov Vladislav, Irina Chernyshova and Hanumantha Rao Kota
Department of Geoscience and Petroleum, Norwegian University of Science and Technology (NTNU), NO-7031 Trondheim,
Norway

Froth flotation is a foam-based industrial method for mineral separation. The selective separation is achieved by
making the target mineral particles hydrophobic by surfactants (collectors). Separation of fine mineral particles,
especially using environmentally less impactful approaches, is one of the main problems in processing of low-grade
ores and re-processing of tailings. Fine (- 20 um) particles present a long-standing problem for flotation due to many
effects such as high surface area, high reactivity (oxidation and dissolution), heterocoagulation, and non-selective
entrainment. One of the solutions could be found in replacing conventional petroleum-based surfactants used to
selectively float target minerals with biosurfactants (eco-friendly surfactants produced by benign microbes from food
waste). Since the current knowledge of the interaction of biosurfactants with minerals in general and fine mineral
particles in particular is limited, more investigation is required to fill this gap. This work aims at filling this gap to
find an environmentally friendly way for separating ultrafine particles (< 10 um). Toward this aim, we investigate
the interaction of acetylated acidic and acetylated lactonic sophorolipids with oxide particles of hematite, quartz, and
cerium oxide in terms of the separation of valuable metals. Our results demonstrate that biosurfactants can separate
hematite from cerium oxide and quartz. We discuss possible mechanisms of the adsorption behavior of biosurfactants
onto the mineral surfaces

Presenting author: Slabov Vladislav. S.P. Andersens Veg 15a, Trondheim, Norway, 7031.
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ID 27 - Preparation of geopolymer material from used AZS refractory and unrecycled glass fibers

Abel W. Ourgessa !, Miroslava Hujova !, Jozef Kraxner !, Enrico Bernardo 2, Dusan Galusek *

1 FunGlass, Alexander Dubcek University of Trencin, 91101 Trencin, Slovakia,

2 Dipartimento di Ingegneria Industriale, Universita degli Studi di Padova, Padova, Italy;

3 Joint Glass Centre of the IIC SAS, TnUAD, and FChFT STU, FunGlass, Alexander Dubcek University of Trencin, Trencin,
Slovakia

Ordinary portland cement OPC is the most widely used binder material in the construction industry but it is related
to environmental problems with its high CO, emission during production. Geopolymer-based binders are found to be
alternative binder materials that are environmentally friendly compared to OPC since they can be synthesized from
inorganic waste materials and reduce the carbon footprint of OPC. Some of these materials are glass waste and
refractory wastes. unrecycled waste glasses from various sources have non-degradable chemistry and they are
disposed of in landfills having an enormous impact on the environment. A huge amount of used refractories is
becoming a concern for landfilling. Since these materials contain a high amount of Si0; and Al,Os, they can be used
as precursors for synthesizing geopolymer cement with excellent chemical and mechanical properties. Geopolymer
samples were prepared by mixing different amounts of glass fiber waste with AZS refractory powder using two
activators, mainly NaOH and/or KOH, where their concentration ranges from 3-8M. After the samples were cured at
ambient temperature, FTIR, XRD, and SEM were used to characterize the produced geopolymers. Porosity, density,
and strength tests were made on the samples after 28 days of curing.

Presenting author: Abel W. Ourgessa, FunGlass, Alexander Dubcek University of Trencin, 91101 Trencin,
Slovakia. abel.ourgessa@tnuni.sk



E.3. Carbon-neutral production of materials

ID 83 - Pathways for the Italian Steel Industry of the Future: Possibilities and Criticalities

Gianluca Dall’Osto, Carlo Mapelli, Davide Mombelli
Politecnico di Milano, Dipartimento di Meccanica, Via La Masa 1, 20156 Milano, Italy

Carbon dioxide emissions, water and electricity consumption and soil exploitation are used to investigate the possible
future pathways for the steel production, in Italy. The environmental advantages and criticalities for the application
of three decarbonization solutions (carbon capture and storage, use of green hydrogen and use of biomethane) were
analyzed for each of the following production routes: integrated cycle, scrap recycling and iron ore direct reduction.
The theoretical assumptions were integrated by background production data collected from five Italian steel mills,
and a cradle-to-gate approach was followed to characterize the whole steel production cycle (from the iron ore
extraction to the final steel product), taking into account also the auxiliary sources of emissions (i.e., limestone
calcination and gas compression for CCS). Overall, the results of the assessment should be considered as a starting
point for understanding of the sustainability level of current Italian steel industry and allow to highlight the most
promising and plausible and its criticalities in each of the three production route analyzed. The natural gas substitution
by biomethane proved to be the most promising pathway, with significant environmental emission reduction when
applied to the integrated cycle, especially if combined with CCS systems. On the other hand, even if the green
hydrogen pathway is the lowest emitting one overall, its huge soil exploitation related to the correspondent energetic
demand, create a boundary and practical issues on its feasibility in the Italian context.
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E.4. Bio-based materials

ID 132 - Cellulose-based biopolymer optical fibers and their theoretical attenuation limit

Martin Reimer, Daniel Van Opdenbosch, Cordt Zollfrank

Chair for Biogenic Polymers, Technical University of Munich - Campus Straubing for Biotechnology and Sustainability, 94315
Straubing, Germany.

Cellulose is one of the most abundant biopolymers on earth. Due to its sustainable availability and its ability to
manage light interactions, cellulose is increasingly used in optoelectronic devices to replace fossil-based polymers.
To optimize cellulose-based optical fibers, it is necessary to counteract the well-known yellowing. Accordingly, an
improved dissolution process for cellulose was developed. Optical properties such as transmission and refractive
index as a function of wavelength were determined from planar films of regenerated cellulose, cellulose diacetate,
cellulose acetate propionate and cellulose acetate butyrate. Cellulose fibers were produced via a simple wet-spinning
process. They were then coated with cellulose derivatives to form a core-cladding optical fiber structure. The
cellulose-based optical fibers exhibit significantly reduced attenuations compared to previously reported ones. The
ultimate transmission loss limit was simulated to characterize the attenuation progression. The obtained results show
that extrinsic factors still have a significant influence on the attenuation and limit the technical application potential
of cellulose-based optical fibers. Improving fiber production thus leads to a reduction of extrinsic attenuation factors
and to an approximation of the ultimate transmission loss limit. This opens up the possibility to substitute fossil-
based polymer optical fibers in the future.

Reimer, M.; Zollfrank, C. Cellulose for Light Manipulation: Methods, Applications, and Prospects. Adv. Energy
Mater. 2021, 11, 2003866.

Reimer, M.; Van Opdenbosch, D.; Zollfrank, C. Fabrication of Cellulose-Based Biopolymer Optical Fibers and Their
Theoretical Attenuation Limit. Biomacromolecules 2021, 22, 8, 3297-3312.

Presenting author: Martin Reimer, Chair for Biogenic Polymers, Technical University of Munich - Campus
Straubing for Biotechnology and Sustainability, Schulgasse 16, 94315 Straubing, Germany;
martin.reimer@tum.de; +49 (0)9421 187 461
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ID 139 - Cottonid — a forgotten biogenic material with a promise

M. Langhansl', R. Scholz?, F. Walther?, C. Zollfrank!

!Technical University of Munich, Campus Straubing for Biotechnology and Sustainability, Chair for Biogenic Polymers,
Schulgasse 16, D-94315 Straubing, Germany

2TU Dortmund University, Chair of Materials Test Engineering (WPT), Baroper Strafie 303, D-44227 Dortmund, Germany

Cottonid, vulcanized fiber and leather stone - many names exist for one of the oldest known bio-based plastics. It is
made from unsized cotton and/or pulp paper via a parchmentizing process using zinc dichloride. All materials used
throughout the manufacturing process can be recovered. This makes not only the process environmentally benign,
but also Cottonid itself, as it only consists of cellulose. Techniques from wood joining and machining can be used to
process the material. It has a high toughness and strength but is yet breathable.

The presented talk will provide an overview of the customizable properties of Cottonid and its possible applications.
Through variation of parameters such as temperature and time of the parchmentizing process, it is possible to set the
crystallinity and density of the material. This enables us to tune the mechanical properties, hygroscopicity, optical
properties, electrical properties and even the rate of the biodegradation. Mechanical testing, differential scanning
calorimetry and X-ray diffraction characterize the process-structure-property relationship. This data-driven approach,
enables the manufacture of materials for a given tailored applications. These include autonomous actuators,
packaging solutions and substrates for catalysts.

In the field of bio-based and sustainable materials, Cottonid has a high potential to replace fossil-based plastics or to
open up new applications. Additionally, the reaction route via zinc dichloride can be transferred to the wide area of
all cellulose composites and might lead to a new, more sustainable way for their fabrication.

Presenting author: Matthias Langhansl, Technical University of Munich, Chair for Biogenic Polymers,
Schulgasse 16, D-94315 Straubing, Germany, Tel:+49 9421 187 458
e-mail: matthias.langhansl@tum.de



ID 141 - Amine-cyclodextrin-based nanosponges — novel polymeric sorbent materials

G. Utzeri, D. Murtinho, A. J. M. Valente
Coimbra Chemistry Centre, University of Coimbra, Department of Chemistry, 3004-535 Coimbra, Portugal

Cyclodextrin-based nanosponges (CDNSs) are defined as 3D-hyperreticulated nanoporous structures with high
thermal stability, and possible response to external stimuli. The usage of cyclodextrins represents a dual advantage
due to the ability to form host-guest interactions with hydrophobic molecules, whereas the cavity and porous structure
provides a high surface area promoting the interaction with hydrophilic species. Albeit nanosponges have been
applied in different fields (see Figure 1), several parameters can influence their performance such
hydrophilic/hydrophobic ratio, functional groups, pH and cavity diameter, among others.

Fig. 1. Schematic representation of CDNSs, main applications and their advantages.

In this study, CDNSs were synthesized using a- and -CD previously functionalized with two aliphatic diamines:
hexane-1,6-diamine and dodecane-1,12-diamine[1]. The characterization of the CDNSs was performed by FTIR,
TGA, DLS and {-potential, N>-adsorption/desorption, SEM and elemental analysis.

The a-CDNSs and S-CDNSs were applied as sorbent materials for the removal of the active substance (imidacloprid)
of a commercial pesticide formulation: CONFIDOR-OTEQ®.

Our aim is to assess the effect of the a- and f-CD as well as the chain length of the linkers in the CONFIDOR
removal. The sorption ability of NSs for CONFIDOR were studied by sorption kinetic and isotherm analysis
performed at optimal s/l ratio and pH conditions. The results show an impressive effectiveness in terms of maximum
sorbed amount of ca. 200 mg g ! (45% removal efficiency) and 240 mg g ! (96%) for aCD-ams-CD and fCD-ame-
CD, respectively.

Acknowledgments: G. Utzeri thanks Fundagdo para a Ciéncia e a Tecnologia (FCT, Portugal) for PhD grant
(SFR/BD/146358/2019). The Coimbra Chemistry Centre is supported by the FCT, through Project
UIDB/00313/2020.

Reference: Utzeri G. et al., Colloids Surf A. 635:128044, 2022.
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E.5. Materials circular economy
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The demand for high-efficiency, low-energy consumption novel products, combined with high durability and thermal
stability, has led to an increased demand of critical raw materials (CRM) and Rare Earth Elements (REE)1. Waste
electric and electronic equipment (WEEE) contain large quantities of CRM and REE that can be isolated, recovered
and recycled, leading to environmental and economic benefits, due to the landfill decongestion of potentially
hazardous materials and their reusability in added value materials, respectively.

CRM and REE can be extracted from the plethora of disposed end-of-life WEEE. Their recovery and reusability,
constitutes the inception of a circular-economy, zero-waste and sustainable-by-design value-chain paradigm.
Owing to the convenience of preparing complex and customizable shapes with short production time and little
material waste, Additive Manufacturing (AM) exhibits unique technical versatility, integrating it gradually into
various applications (medicine, electronics, sensors, automation)2.

The introduction of CRM as additives, employed by AM applications, can lead to tremendous potential for the
performance and the commercialization of the final products by adding unique characteristics (antibacterial
properties, photoluminescence, enhanced mechanical and magnetic properties, thermal and electrical conductivity)3.

Jowitt S.M. et al.,Curr. Opin. In Green&Sust Chem,2018
Wang J. et al.,Compos Sci Techno,2018,157:1-9
Zhang C. et al.,Sus Mat Wiley Online Libr,2021
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ID 176 - Potentially Sustainable Way for Neutralization and Iron Recovery from Red Mud
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(3) National Technical University of Athens, Heroon Polytechneiou 9, Zografou, 15780 Athens, Greece

Bauxite is an important ore that is widely used to produce metallurgical-grade alumina (the precursor for aluminum
production) and chemical-grade alumina/aluminum hydroxide for many industrial applications through the Bayer
process [1]. During this process, a byproduct is formed, known as red mud (RM). Depending on the quality of the
bauxite and its processing, about 15-40% bauxite ore presents the waste in the form of alkaline slurry. In Bosnia and
Herzegovina there are two locations for RM disposal: Klisa near city of Zvornik (around 19M tons of solid red mud)
and Dobro Selo near city of Citluk (around 4M tons of solid red mud). The utilization and recycling of this material
is currently serious environmental issue not only in Bosnia and Herzegovina, but in the whole Europe and it needs to
be addressed as soon as possible. The handling of this byproduct is a major challenge for the alumina industry due to
its high volume and high alkalinity which impose severe and alarming environmental problems, such as soil and air
pollution [2]. In particular, pH of RM is substantially higher than any other waste - different studies report that pH
ranges from 10 to 13.5 regardless of the origin of RM.

However, red mud can be considered as a valuable secondary raw material resource [3], due to the presence of
valuable substances such us iron oxide, aluminum oxide, silicon oxide and rare earth elements (REEs) which carry
certain economic potential. This material is studied for various industrial applications in the field of building
(geopolymers, clay material, cements, ceramics, fired and nonfired building materials, concrete industry), pollution
control (in wastewater treatment, absorption and purification of acid waste gases), metal recovery (iron, titanium,
aluminum, REESs), coagulant, adsorbent, catalyst and in soil remediation (calcium silicon fertilizer) [4].

Further handling, disposal, and use of RM is the function of several properties, but at the first place pH value.
Extraction of valuable constituents is interfered due to its alkalinity. It is necessary to find a sustainable technique
for its neutralization in order to make it applicable. This paper demonstrates research on developing an economical
way of neutralization of the red mud and methods of iron recovery from it.
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The global wide consumption of potato and its derived food products results in a broad range of not-used by-products
even though they contain valuable molecules, such as starch. On the other hand, the non-biodegradable ethylene
scavengers are used to decompose or adsorb ethylene, a phytohormone responsible for the induction of mechanisms
related with fruits ripening and senescence [1], to prolong their shelf-lives and reduce food waste. In this work, the
feasibility of adding value to potato washing slurries-derived starch (PWS) through the development of aerogel
microparticles with ethylene scavenging activity was studied, using an emulsion-gelation method followed by a
supercritical drying as experimental procedure. Commercial potato (CP) starch was used as control.

The PWS aerogel microparticles showed an average diameter (50 £ 15 um) similar to the CP ones (53 +24 pum).
Nitrogen adsorption—desorption IV-type isotherms revealed that both mesoporous microparticles had similar average
pore size (13-14 nm). However, PWS aerogel microparticles had a higher surface area (130 m?/g) and total pore
volume (0.600 cm?®/g) than the CP microparticles (102 m?/g and 0.404 cm?/g, respectively). These textural properties
gave rise to a higher ethylene adsorption capacity (0.557 mmol. g'. bar"), when compared to CP microparticles
(0.424 mmol. g!. bar™).

Therefore, the PWS revealed to be a suitable raw material for producing acrogel mesoporous particles with ethylene
adsorption capacity, opening an opportunity to valorize starch-rich agrifood by-products through the development of
renewable ethylene scavengers.
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A.2. Flexible and porous materials

ID 29 - Composites based on PDMS and Graphite Flakes for Thermoelectric Touch Detectors
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Within the concept of the Internet of Things there is an emerging class of devices that are worn in, on and around the
human body and are able to sense, record and exchange data with surrounding networks.

When touched, a thermoelectric detector converts the thermal gradient generated between the skin and the detector
into an electrical signal. Among several desirable features, this kind of device should have a high sensing performance
(such as, high and stable signal-noise ratio values with fast response), good mechanical properties and, not less
meaningful, it should be low-cost and suitable for scalable manufacturing.

This work presents freestanding thermoelectric touch detectors consisting of graphite conductive flakes into a
polydimethylsiloxane matrix. An optimal concentration of graphite flakes (45 wt%) lead to robust and homogeneous
detectors that exhibited signal-noise ratio values up to 170 with rise and falling times below 1 s and 7 s, respectively.
The detectors performance was stable over continuous operation and did not reveal significant degradation while
bended under different curvature radii (45, 25 and 15 mm) and consecutive bending cycles. Moreover, the twist of
the thermal gradient direction between the electrodes of the detector enables a Yes or No response which opens new
usage possibilities. Therefore, this work provides an efficient way to develop robust, low-cost, and scalable thermal
detectors with potential use in wearable technologies.

PDMS + 40-50 wt% Gyyes
Mixture and Degassing

s .

Al foil

Blade Coating / Film Casting -\\

and Curing

o PELVNDRE Yes or No Response

T
o —— 45wt% G - bended 15mm
®

;'I
A \
60 ‘

T T T
120 180 240 300

— 1.1 mm thick = 0.2 mm thick

Time (s)

Presenting author: Joana Figueira, CENIMAT|i3N, Department of Materials Science, School of Science
and Technology, NOVA University Lisbon and CEMOP/UNINOVA, 2829-516 Caparica, Portugal.
E-mail: joanarsfigueira@gmail.com



ID 93 - Improving the properties of flexible hybrid-silica aerogels
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Silica aerogels with their remarkable properties such as low density and thermal conductivity are prime candidates
for a wide range of different applications, such as insulation materials in aviation. While pure silica acrogels are very
brittle and difficult to handle, adapting the sol-gel process can result in organic-inorganic hybrid-materials with a
high mechanical flexibility, a good hydrophobicity while still retaining a sufficient insulating performance. They
were first investigated by Hayase et al. ! and are based on methyltrimethoxysilane (MTMS) and
dimethoxydimethylsilane (DMDMS).

For further improvement of the material’s properties, the synthesis needs to be tuned. Starting with recipes filed for
patenting by the German Aerospace Center (DLR) 2, the synthesis route was first investigated towards varying
precursors and their ratios, using different solvents and mixtures, as well as testing a wide range of surfactants and
catalysts. Mechanical, thermal, chemical and morphological properties of the samples were investigated.

After further polymeric crosslinking the metal-oxygen bonds can be partially substituted by the more lightweight
carbon-backbone, while retaining the flexibility of the material. Therefore, investigations using a consistent precursor
system of MTMS and dimethoxymethylvinylsilane (DMMYVS) are carried out.

The above-mentioned properties are required in the field of aviation, and the resulting aerogels can possibly
outperform the state-of-the-art compressed fiberglass-mats.

[1] G. Hayase; K. Kanamori; K. Nakanishi, New flexible aerogels and xerogels derived from methyltrimethoxysilane/
dimethyldimethoxysilane co-precursors”, Journal of Materials Chemistry, 2011.
[2] EP 3 042 884 Al.
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Open-cell metallic foams are a family of porous metals constituted by a solid metallic phase coexisting with an
interconnected porous volume. This material combines the advantages of a lightweight and interconnected-porous
structure with the properties of metals, such as high electrical and thermal conductivity, as well as high mechanical
strength and toughness. Thereby, the development of mechanically enhanced open-cell metallic foams has become a
crucial issue to be investigated, aiming to expand the functionality of this material for science and engineering
applications, e.g., crash dissipation structures. In this work, the effect of solution and aging heat treatments on the
microstructure and mechanical properties of open-cell Al 7075 foams was studied. The investigated foams were
produced by the replication casting technique in two different pore sizes, ranging from 2.00 to 4.75 mm. All produced
samples were physically characterized through He pycnometry. Solution treatment was carried out at 480 °C for 2 h,
whilst aging treatment was carried out at 120 °C for several periods, aiming to assess the precipitation strengthening
response of foams as a function of aging time. The microstructural evolution of the porous Al 7075 was evaluated by
means of scanning electron microscopy, X-ray diffraction, and scanning differential calorimetry. In addition, the
heat-treated foams were mechanically characterized using uniaxial compression and hardness tests. It was found that
pore size did affect the response to solution and aging treatments of open-cell Al 7075, due to cell walls thickness
variations.
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There is a window of opportunity for thermoelectric materials related to the wearable market’s growth and the
prediction that in a near future everything and everyone will have sensors and will be connected. For this to happen,
scientists need to search for biocompatible, flexible, and lightweight materials, and develop technologies that work
well with small stimuli, like little temperature gradients and small pressures. When touched, thermoelectric detectors
are able to convert thermal gradients into electrical signals and this response can be optimize through the active
materials, the substrate’s choice and the adopted architecture.

This work presents the fabrication of flexible and eco-friendly thermoelectric touch detectors based on ethyl cellulose
and graphite flakes inks that were screen-printed in four different substrates - office paper, sticker label paper, natural
cotton fabric and organic poplin fabric - with several geometries and architectures. The best inks formulations,
printing conditions and printable substrates were chosen based on sheet resistance measurements, scanning electron
microscopy analysis, and open circuit voltage over time tests. We found that office paper and natural cotton were
more suitable for the touch detection, in terms of repeatability of results and fast responses. Moreover, the
performance of the devices was stable through time, and did not reveal significant degradation after dynamic bending
tests as well as static mechanical deformation. The maximum voltage amplitude reached was of 4.69 mV
corresponding to a rolled-up detector with 48 elements connected electrically in series wrapped around a cardboard
straw with a curvature radii of 3.5 mm.
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A.3. Smart and self-healing materials
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The lubricant viscosity is of uppermost importance in fulfilling its protective and friction-reducing function.
Lubricant viscosity can be manipulated by the introduction of a long linear chain polymer [1]. Unfortunately, the
different polymers studied so far did not perform well over time due to the impossibility of synthesizing them with
tailor made structures, avoiding the stringent control over parameters such as mechanical strength and the specific
interaction with the different components of the system.

Some previous studies showed that polymer branching degree is crucial to the additive's performance [2]. Using the
Atom Transfer Radical Polymerization (ATRP) method, different monomers were used to prepare a new star-
polymer, but the results obtained were not relevant in friction reduction. Recently, Helgeson et al. [1] studied the
synthesis of several copolymers based on stearyl methacrylate and methyl methacrylate with different topologies
through an ATRP strategy. However, the ramifications make it difficult to form films under high loading conditions,
increasing the system's fluidity and lubrication. Moreover, these copolymers synthesis uses expensive reagents,
harmful chemicals, and a complex protocol.

In this study, block copolymers with two segments were synthesized: a segment which present excellent compatibility
in oil and another segment with an excellent affinity for metal structures [3]. The proposed synthesis method is based
on a variation of the ATRP method discovered by our group and is called the Supplemental Activator Reducing
Agent (SARA) ATRP [4], allowing the synthesis of the block copolymers under conditions that can be applied in
large scale production.
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Novel nature-based engineered functional materials combined with sustainable and economically efficient processes
are among the great challenges for the future of mankind. In this context, this work presents a new generation of eco-
friendly and sustainable advanced functional materials, obtained from the most abundant biopolymer resource on
Earth, which is cellulose.

Highly conformable regenerated cellulose ionic hydrogels with high ionic conductivity, reversible water retention
and self-healing ability are successfully produced using a facile and “greener” preparation method based on
NaOH/urea aqueous dissolution system of cellulose. Due to their robustness as well as soft and sticky surface, the
hydrogels can be supplied in the form of reusable stickers, easily molded as plasticine, and thus applied “on-the-fly”,
through a “cut, transfer and stick” process.

Instead of ionic conductive stickers, their electrochemical properties can be merged with the mechanical robustness,
thermal resistance, transparency and smoothness of micro/nanofibrillated cellulose nanopaper to yield an ionic
conductive “paper-like” substrate.

The engineered cellulose-based ionic conductors are successfully integrated into flexible, recyclable, low-voltage
(<3.5 V), printed electrolyte-gated transistors and “universal” logic gates fabricated on office paper or on the ionically
modified nanopaper. Ubiquitous calligraphy accessories are used for easy and quick patterning of
conductive/resistive tracks “on-the-fly” by merely drawing them out on the substrate hosting the devices. This user-
friendly and simplified manufacturing approach holds potential for fast production of low-cost, portable, recyclable
and low-power ion-controlled electronics on paper, making it attractive for application in sensors and concepts such
as the “Internet-on-Things”, while ensuring a sustainable future without generating waste.

Presenting author: Inés Cunha; CENIMAT/i3N, Department of Materials Science, School of Science and
Technology, NOV A University Lisbon and CEMOP/UNINOVA, Caparica, Portugal;
i.cunha@campus.fct.unl.pt



A.4. Surfaces & Interfaces

ID 6 - Microstructural influence on the growth of anodic aluminum oxide
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Aluminum oxide layers are naturally forming as protective layers on aluminum samples. As these layers are only a
few nanometers thick, anodization can promote the formation of higher thicknesses. The thickness and structure of
anodic aluminum oxides (AAOs) depends on the applied voltage, the used concentration of the electrolyte and
temperature [1,2]. Using properly adjusted acid solutions, hexagonal and highly ordered nano-porous structures are
generated with pore diameters of down to a few nanometers by using high-purity aluminum with a mirror-like surface
finish [1,2].

Unfortunately, pure aluminum is not suitable for most applications in industry due to its low hardness and strength.
Thus, aluminum alloys with predefined alloying elements, i.e. Si or Mn, are chosen to achieve desired mechanical
properties. As the formation of the protective alumina layer is suppressed in many alloys, the good chemical
resistivity diminishes. Here anodization is mandatory to obtain a necessary protective coating. However, the existence
of alloying elements in aluminum alloys hinders the formation of highly ordered AAOs. In addition, mechanical
stresses accumulate at the obstacles which promotes the formation of nano- and microcracks inside of the AAOs,
causing a reduction of the protective ability of the coating. The growth of AAOs in acid solutions on aluminum alloys
is analyzed by means of electron microscopy i.e. EBSD, EDX and (S)TEM to understand the influence of
microstructure and segregations on the alloys mechanical and chemical properties of the generated oxide.
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3-mol% Yttria-Stabilized Tetragonal Zirconia Polycrystal (3Y-TZP), a ceramic biomaterial, has been widely used in
the dentistry field due to its biocompatibility, tooth-like color and mechanical properties [1]. Despite these
advantages, its physical and mechanical properties tend to degrade as a result of a low-temperature aging process
induced by its sensitivity to low-temperature degradation (LTD) when it is in contact with water that is already at
human body temperature [2]. Because of this, many studies have been performed aiming at avoiding this phenomenon
by replacing 3Y-TZP by 12 mol% ceria stabilized tetragonal zirconia polycrystal (12Ce-TZP). Nevertheless,
compared to 3Y-TZP, 12Ce-TZP has lower strength which is partly related to its larger grain size [3].

In this sense, this work intends to improve the aging resistance without substantially affecting the mechanical strength
of zirconia by producing 3Y-TZP/12Ce-TZP composites by cold pressing and sintering technique. The test samples
such discs were produced with different amounts of ceria additions (wt. %), powders mixture methods (dry mixing
and aqueous medium) and sintering temperatures (1400°C and 1500°C). The proposed solution presents two different
designs (i) bulks of yttria /ceria stabilized zirconia composites and (ii) layered 3Y-TZP/12Ce-TZP composites on the
surface of 3Y-TZP substrates. The samples were characterized regarding microstructural, mechanical and color
properties. Results demonstrated that the 3Y-TZP/12Ce-TZP composites produced through the aqueous medium and
sintering temperature of 1400°C presented an improved aging resistance, flexural strength complying the
requirements of the ISO 13356:2008 standard and suitable color properties, validating both designs for biomedical
applications.
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Figure 1. Representative zirconia dental implant surface design based on obtained results.
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Nowadays one of the major boosts in material science is given by inspiration from Nature. Biomimetics is the
biologically inspired design, adaptation or derivation from Nature. Green plants can be employed as models for the
development of biomimetic surfaces with different surface properties. Leaf wettability is a common phenomenon for
plants in a wide variety of habitats. For example, the leaves of the Lotus plant are known for their “self-cleaning”
ability and extremely water repellent characteristics [1]. The development of bio-inspired materials and devices with
potential commercial interest is of crucial importance for the coating industry.

This work is focused on the physical and chemical characterization of the adaxial (upper) and abaxial (lower) surfaces
of the leaves of Cinnamomum camphora collected at the Botanical Garden of UTAD [2]. Wettability results from
the interplay between the leaves physics (surface morphology) and chemistry (surface wax composition). The
wettability was quantified by means of static contact angle measurements, using the sessile drop method, on different
locations of both sides of the leaves. To determine the chemical composition of the waxes, qualitatively and
quantitatively, the epicuticular and intracuticular wax layers of each surface were extracted mechanically (cryo-
adhesion). The morphology was analysed by Polarized Optical Microscopy (POM) and Atomic Force Microscopy
(AFM) in tapping mode. The Replicas of the surface of the plant leaves were prepared and characterized.

Acknowledgments

This work was funded by the R&D Project PORPLANTSUREF - Superhydrophobic films inspired in the surface of
plant leaves and petals from Northern Portugal, POCI-01-0145-FEDER-029785, financed by the European Regional
Development Fund (ERDF) through COMPETE 2020 - Operational Program for Competitiveness and
Internationalization (POCI) and by the Foundation for Science and Technology (FCT). The authors acknowledge
CQ-VR for financial support UID/QUI/00616/2013 and UID/QUI/00616/2019. F. Ribeiro acknowledges “Colégio
de Sao Gongalo — Escola Catdlica” for attending the “Curso de Biotecnologia Aplicada” financed by PORTUGAL
2020 , POCH - Programa Operacional do Capital Humano, POCH-01-5571-FSE-003014. P. Nunes acknowledges
CQ-VR/ FCT for a PhD grant (UI/BD/151084/2021). M. Fernandes acknowledges FCT-UTAD for the contract in
the scope of Decreto-Lei 57/2016 — Lei 57/2017.

References
[1] W.Barthlott, C. Neinhuis, Planta, 202 (1997) 1.
[2] https://jb.utad.pt/especie/Cinnamomum_camphora

Presenting author: Paulo Nunes, Department of Chemistry and CQ-VR University of Tras-os-Montes e
Alto Douro (UTAD), 5000-801 Vila Real, Portugal, paulojrnunes6(@gmail.com


https://jb.utad.pt/especie/Cinnamomum_camphora
mailto:paulojrnunes6@gmail.com

ID 198 - Study of the wettability of films obtained by the replication of the surface of plant leaves

Paulo J. Nunes, ', André Pinto', Ricardo Rua', Verénica de Zea Bermudez'?, Mariana Fernandes'~
!Department of Chemistry, UTAD, Vila Real, Portugal
2 CQ-VR, UTAD, Vila Real, Portugal

Nature usually shows many marvellous characteristics. Biological surfaces such as the Lotus leaves have micro- and
nanostructures and low-surface-energy, and exhibit excellent superhydrophobicity. It has become an important
research topic to construct bionic superhydrophobic surfaces and explore their functional applications [1]. In the last
few years the wettability of certain plant leaves has been evaluated by the materials science community seeking
inspiration for the creation of biomimetic films.The template method is a synthetic method that takes a template as
the main configuration to control the morphology and adjust the size of structures to determine the properties of
materials. The direct replication of structures of plant leaves is the most straightforward and effective method for
fabricating superhydrophobic surfaces. Based on the facts that sol-gel-derived di urea cross-linked short-chain
poly(oxyethylene) (POE)/siloxane hybrid di-ureasil films are promising candidates as mold materials for
micropatterning [2], and that group has already managed to reproduce a negative replica with a di-ureasil hybrid [3],
we proposed to produce replicas of different plants found at the Botanical garden of UTAD [4]. The wettability of
the replicas was quantified by means of static contact angle (CA) measurements, using the sessile drop method,
performed in different locations of the replicas of the adaxial and abaxial surfaces. The morphology was analysed by
Polarized Optical Microscopy (POM) and the fidelity of leaf replication was investigated.
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A.5. Energy and environment materials
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Hydrogen is an irreplaceable energy vector of a carbon-neutral future but high-performance storage must be available
to allow its proper usage. Although metal hydrides hold the promise to be the superior storage option (energy
efficient, highest volumetric energy density), many hurdles, including slow kinetics, insufficient stability, and
unfavorable pressure-temperature conditions for loading-unloading operations, need to be surmounted. A promising
candidate is FeTi, being one of the few compounds allowing near-ambient absorption and desorption.

The goal of this investigation is to solve the mentioned problems by prototyping a porous metal hydride-polymer
composite (Fig. 1). Single-phase FeTi was prepared by arc melting and subsequently crushed and ball milled. The
obtained powder was blended with varying amounts of immiscible sacrificial phases (Cu, NaCl or Na,SO4) and
refined to a nanostructured condition using high-pressure torsion at ambient or elevated temperatures up to 400 °C.!
The sacrificial phase was subsequently removed selectively by wet-chemical dissolution.? The resulting porous
structure with high surface area is beneficial for hydrogen absorption.

Further developments include infiltration of the pores with a polymer filler, selectively permeable to hydrogen gas,
that provides mechanical stability®. The final hybrid material and all intermediate stages are structurally characterized
by diffraction methods and electron microscopy and the hydrogen storage properties are evaluated.
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Fig 1: Schematic metal hydride-polymer hybrid material

1. Bachmaier, A. & Pippan, R. Int. Mater. Rev. 58, 41-62 (2013).
2. Zhao M. et al. Acta Mater. 182, 215-225 (2020).
3. Jeon, K. J. et al. Nat. Mater. 10, 286290 (2011).

Lukas Schweiger, Department of Materials Science, Chair of Materials Physics, Montanuniversitit Leoben,
Jahnstrafle 12, Leoben, Austria; lukas.schweiger@unileoben.ac.at



ID 43 - Porous PDMS conformable coating for high power output carbon fibers/ ZnO nanorod-
based triboelectric energy harvesters

Raquel Barras®, Andreia dos Santos™"*, Tomas Calmeiro®, Elvira Fortunato®, Rodrigo Martins”, Hugo
Aguas”, Pedro Barquinha®, Rui Igreja”, Luis Pereira™™

*CENIMAT\i3N, Department of Materials Science, Nova School of Science and Technology, FCT-NOVA, Universidade Nova
de Lisboa, Campus de Caparica, 2829-516

Caparica, Portugal

**ALMASCIENCE Colab, Campus da Caparica, 2829-516 Caparica, Portugal

A new method for depositing PDMS directly onto conductive carbon yarns is proposed to produce Triboelectric
Nanogenerator Yarns (TENG yarns) that can serve as the basic building blocks for energy scavenging wearables.
The in-situ PDMS curing method described in this study allows the fast formation of a uniform thick coating over
conductive surfaces regardless of their roughness. Single-electrode configuration TENG yarns are developed and
their electrical output is optimized by precisely adjusting the PDMS layer thickness and by changing the chemical
and physical nature of the carbon fiber (CF) yarns’ surface. Functionalizing the CF yarns’ surface with ZnO rods
combined with porous PDMS coating can enhance their electrical output. The best results are achieved using this
type of TENG yarns with an average diameter of 1.74 mm, which can be obtained after only 3 min of PMDS
deposition by “in-situ” curing method. A maximum of 72 V peak-to-peak and 10 pA (74.1 pW cm[J 2 of power
density with a load resistance of 20 MQ) is reached when applying an impact force of 600 N to a set of five TENG
yarns connected in parallel. The output is stable even after 10,000 cycles and this set of TENG yarns is also able to
light at least 28 LEDs when tapping by hand, proving a contribute towards the development of basic building blocks
to power the future generation of wearables.

ZnO rods
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The advantage of the structural batteries is related to the allocation of their volume and weight to elements that pre-
exist with structural functions. The overall weight of the battery is then reduced, and the stability of the structure is
highly enhanced. Starting from this concept, several designs for structural power composites have already been
proposed.

Here we characterized electrochemically, electrostatically, and structurally the ferroelectric-electrolytes families,
NazClIO and Na 99Bag00sClO and structural batteries containing these electrolytes [1].

Meanwhile, a drawback of the latter families of electrolytes is their hygroscopicity. The battery cells containing these
electrolytes need to be thermally and electrostatically insulated, especially for their use at very low temperatures, as
the dielectric constant of the ferroelectric-clectrolyte decreases substantially below 0°C, conditioning the batteries’
performance.

Cork is a natural product with extraordinary insulting properties; thermal and moisture insulation can be attained.
Besides those attributes, the (OH)™ groups available in suberin (~40%), lignin (22%), polysaccharides (cellulose and
hemicellulose) (18%), extractable (15%) and other constituents of the cork [2] can attract the mobile Na* ions and
facilitate ionic conduction permitting cork usage as separator in a battery cell.

[1]F. Danzi, P. P. Camanho, M. H. Braga An all-solid-state coaxial structural battery using sodium-based electrolyte,
Molecules 26 (17) (2021) 1-16
[2] M.A. Bernards, Demystifying suberin, Canadian Journal of Botany, 80 (3), (2011) 227-240.
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Wearable electronics is nowadays a reality in enabling monitoring, sensing, and storing/harvesting systems. Fiber-
based structures owing to the high specific surface area combined with suitable inorganic nanostructures, organic or
polymeric materials have unique potentialities to respond either mechanical, thermal, chemical, electrical, or even
optical stimulus. [1] When integrating functionality and wearability, these devices can reach high capacitance and
enable unique characteristics in electrochemical devices such as batteries and supercapacitors.

Carbon-based materials present high electrical conductivity and chemical stability but limited charge storage
capability. This property can be enhanced by functionalizing them with nanomaterials which offer improved ionic
transport and electronic conductivity. [2]

Molybdenum disulfide (M0S2) is a 2D transition metal dichalcogenides (TMDs) that has been showing great promise
in energy storage applications due to its versatile electronic structure arranged in three different phases, two
semiconducting, 2H and 3R, and the metallic identified as 1T. [3]

Herein, we explore the direct growth of MoS2 on stretch-broken carbon fiber yarns (SBCFYs) and evaluate its
electrochemical performance that gradually changes from the capacitive to pseudocapacitive by CV, EIS and GCD.
The hybridization between SBCFY's and MoS2 displayed a specific capacitance of 133.86 Fg-1 at 5 mVs-1 and 164.3
Fg-1 at 1 Ag-1 and 80% retention after 3000 CV cycles.

1. Liao, M.; Ye, L.; Zhang, Y.; Chen, T.; Peng, H. The Recent Advance in Fiber-Shaped Energy Storage Devices.
Adv. Electron. Mater. 2019, 5, 1-14, do0i:10.1002/aelm.201800456.
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nanomaterials. Science (80-. ). 2019, 366, doi:10.1126/science.aan8285.
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The design of a transparent thermoelectric material is a promising technology for touch—screen displays and solar
cell applications, rendering a more sustainable powering of the device. In order to enhance the thermoelectric
performance, the material must have a high Seebeck coefficient, high electrical conductivity but low thermal
conductivity. Modifying the atomic structures of TiO, by deliberately introducing defects can enhance its properties
to a great extent, while a cationic doping of TiO» has been documented to improve its electrical conductivity. This
work reports the production and characterization of optically transparent Nb-doped TiO, thin films with enhanced
thermoelectric properties deposited on glass and Si by reactive d.c. magnetron sputtering in high vacuum. Several
process parameters, such as reactive and working gas flow rate, deposition temperature, target current density and
post-annealing conditions, directly affect the morphology and crystalline structure of the thin films. The optimization
of these parameters (gray area in Figl.a) results in thin films with thickness of 120-300 nm, maximum average optical
transmittance in the visible range of 73 %, n-type electrical resistivity of 0.05 W-cm, thermal conductivity below 1.7
W-m!-K! and a maximum absolute Seebeck coefficient of 223 mV-K!. The resulting maximum thermoelectric
power factor and figure of merit is 60 mW-K-2m™ and 0.014, respectively. Hence, modifying the optical, electric,
thermal and thermoelectric properties of the thin films enables their suitability for applications as transparent
electrodes in photovoltaic systems and touch displays, amongst other devices (Figl.b).
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Figl. (a) Seebeck coefficient and average transmittance (400-700 nm) in relation to the Oxygen flow rate during deposition; (b) thermoelectric
layer implemented in a touch screen.
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Lithium-Tin (Li-Sn) alloys are attractive candidates for plasma facing components of fusion nuclear reactors.
However, production of these alloys presents some challenges: the chemical reactivity of Li must be mitigated,
requiring special conditions during processing to avoid sample contamination and the formation of high melting
temperature Li-rich intermetallics. Mechano-synthesis (MS), via high energy milling, is an alternative method to
produce prototype Li-Sn alloys, allowing access to a wider range of compositions and microstructures. MS has been
demonstrated to be an effective technique for production of Li-Sn alloys with Li content up to 50 at.% [1,2].
Nevertheless, the predominant cold-welding behaviour of these alloys results in a low milling mass yield, and, due
to the large number of parameters involved in this processing route, their effects on the final microstructure and
composition of the alloys remain relatively understudied. In this work, the impact of the milling rate and milling ball
diameter on the final microstructure and composition of an equimolar Li-Sn alloy was studied. The resultant
microstructure was assessed in detail by a combination of scanning electron microscopy, ion beam analysis, X-ray
diffraction and differential scanning calorimetry.

[1] M.B. Costa, R. Mateus, M. Guedes, A.C. Ferro, Mechanical alloying in the Li-Sn system, Mater. Lett. X. 6
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Calcium hydroxyapatite (Ca -HAp) is a promising material for the environmental management [1]. Due to its non-
toxicity, biocompatibility, and occurrence in nature, it is considered an environmental-friendly material, while low
water solubility, high adsorption capacity, thermal stability, and low-cost make it a perfect candidate for applications
in environmental remediation [2]. To prepare adsorbents with desirable properties, it is essential to develop synthesis
methods that would enable control of the product morphology.

The present work investigates the influence of divalent cations (Mn?*, Mg*", Ba?*, and Sr**) on the hydrolysis
products of a-TCP. For this purpose, a-TCP, synthesized via wet precipitation method, was treated under varying
hydrothermal conditions in the presence of varying concentrations of divalent cations.

It was revealed that both the hydrothermal synthesis conditions (temperature, time, concentration of the foreign ion),
and the nature of the foreign ion affected the phase purity and morphology of the final products. Of all the ions
investigated, Mn?" had the highest, and Sr** — the lowest inhibiting effect on the hydrolysis process of a-TCP. Samples
synthesized using larger concentrations of foreign cations (Fig. 1) contained not only plate-like, but also rod-like
crystals. Under certain synthesis conditions, we were able to obtain samples consisting of rod-like particles only. The
results of this study suggest that morphology of HAp could be controlled by applying certain concentrations of the
foreign ions during the hydrothermal synthesis.

Figure 1. SEM images of the samples: a) 0.1 mol%Mg2+); b) 5 mol% Mg2+; c) 0.1 mol% Ba2+; d) S mol% Ba2+.
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The current silicon-based solar cells have been constantly improving their performance until efficiencies of around
25% were obtained,' close to its theoretical maximum efficiency. In order to overcome this limitation the singlet
fission (SF) mechanism was proposed,** as it is able to generate two low-energy excitons upon the absorption of only
one photon. A very specific alignment of the molecular orbitals is required for the obtainment of efficient singlet
fission, which can be stated in two conditions:>*

Ci=2T-S1 <0 (1)
C=2T:-T» <0 (2)

S is the singlet excited state, T is the first triplet state, and T is the second excited triplet state.

Here it is presented a computational study in which the PUBCHEM database® is screened to select all species
matching the energy requirements for singlet fission, and potentially unveiling new and untested SF candidates. The
selected three-stepped protocol’ uses the conditions (1) and (2) as the main criteria to select the species compatible
with singlet fission. The level of theory is gradually increased as the number of remaining candidates diminishes. As
a result, out of the initial 100 million species, 72 thousand molecules (0.07%) were found to match singlet fission
energy conditions. The resulting set of molecules were structurally classified, considering also practical concerns
such as availability or stability in order to further refine the screening.

This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic through the e-
INFRA CZ (ID:90140).
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Host-guest hydrates crystalline solids, more commonly known as clathrates, in which a water framework generated
at low temperature and high pressure can trap small non-polar molecules, are the great interest in gas separation,
storage and transportation. However, most of their current investigations are limited to the study of the crystalline
phase so the structure of their molten (liquid) phase has been overlooked. We have shown that a dynamic structure
similar to clathrates which involves essentially all H,O molecules of the solvent can be induced by the hydrophobic
solvation of alkylammonium or phosphonium salts, triggering the formation of a unique, highly incompressible
supramolecular liquid. It is demonstrated by electrochemical means that strong interaction among H>O molecules in
the tight structure of the supramolecular liquid limits their reactivity. Similarly, reactivity of anion (i. e. Cl-) in the
structure is reduced which suggests their incorporation in the multi-polyhedral structure of hydrogen-bonded water.
This work introduces the design a new family of supramolecular liquids, stable under atmospheric conditions, which
can find important technological applications as solvents and electrochemical media.

Reference: Lopez-Bueno, C.; Herreros-Lucas, C.; Suarez-Rodriguez, M.; Bittermann, M. R.; Amigo, A.; Woutersen,
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Nickel oxide (NiO) is a p-type oxide semiconductor and its conductivity is owned to non-stoichiometry due to defects
nickel (Ni) vacancies and oxygen interstitials. Because of its p-type behavior, transparency (bandgap energy 3.1 - 3.8
eV) and combined with its high chemical stability, NiO is the most widely used p-type transparent conductive oxide
[1,2].

In this work, undoped NiO, Nitrogen (N) containing NiO and Niobium (Nb) doped NiO were fabricated by RF
sputtering technique by employing Ni-Nb targets in plasma containing (Ar-O»-N;) gases in 5 mTorr pressure and 300
W power. The purpose of this investigation was to monitor of changes in films’ properties due to Nb dopants. The
oxide layers were characterized by SEM, EDX, AFM, XRD, XPS, Raman and UV-Vis-NIR spectroscopy.

The optimum films were used to form a transparent all-oxide p/n heterojunction diode and characterize it as UV solar
cell. Compact (c-) and mesoporous (m-) TiO; films were fabricated by spin coating as the n-type layers, on FTO-
covered glass substrates. The behavior of the NiO/m-TiO,/c-TiO»/FTO/glass heterodiode was characterized and
analyzed in the dark (I-V) and under UV illumination (Fig.1).
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Boron-doped diamond (BDD) thin films hold great promise for the future of water remediation, being able to
completely mineralize persistent pollutants into CO, and water, requiring only electrical energy through
electrochemical oxidation. However, the main challenges encountered in applying BDDs on a large scale relate to
the substrate material. Electrode failure typically occurs due to BDD delamination from the substrate. Silicon nitride
(Si3N4) ceramics are well-known for their excellent properties, such as high wear resistance, chemical stability, high
hardness, high fracture toughness, and high elastic modulus, ideal for cutting tools and biomedical applications. By
adding an adequate amount of titanium nitride (TiN) particles to a SizN4 matrix, it is possible to produce an
electroconductive SisN4-TiN composite, which combines metal-like conductivity with the SizN4 ceramic properties
and high affinity for diamond film growth by Chemical Vapor Deposition (CVD). In this work, BDD films were
deposited through Hot Filament CVD (HF-CVD) on a Si3zN4-30vol% TiN substrate. The resulting BDD/Si3N4-TiN
electrodes were evaluated, including microstructure analysis, diamond quality, conductivity, adhesion strength, and
electrochemical properties. In addition, the performance in the electrochemical oxidation of pollutants was evaluated
by choosing phenol as a model pollutant. The BDD/Si3N4-TiN electrodes could remove up to 98.1% of phenol after
5 hours of direct anodic oxidation of a spiked aqueous solution with 1 mM of phenol. The results indicate that the
BDD/Si3N4-TiN electrodes have much potential and could be the solution for producing long service life BDD
electrodes for large-scale water treatment by electrochemical oxidation processes, particularly if using electricity
from renewable sources.

Acknowledgments
This work was developed within the scope of the project CICECO-Aveiro Institute of Materials, UIDB/50011/2020,
UIDP/50011/2020 & LA/P/0006/2020, financed by national funds through the FCT/MEC (PIDDAC).

References

Clematis, D. and M. Panizza (2021). "Application of boron-doped diamond electrodes for electrochemical oxidation
of real wastewaters." Current Opinion in Electrochemistry 30.

Chaplin, B. P. (2014). "Critical review of electrochemical advanced oxidation processes for water treatment
applications." Environ Sci Process Impacts 16(6): 1182-1203.

Lu, X.-R,, et al. (2019). "Comparative study on stability of boron doped diamond coated titanium and niobium
electrodes." Diamond and Related Materials 93: 26-33.

Almeida, F. A., et al. (2006). "Electroconductive Ceramic Composites for Cutting Tools." Materials Science Forum
514-516: 638-642.

Presenting author: Priscilla Brosler

CICECO - Aveiro Institute of Materials & Department of Materials and Ceramic Engineering, University
of Aveiro, 3810-193 Aveiro, Portugal

broslerp@ua.pt


mailto:broslerp@ua.pt

A.6. Biomaterials and healthcare

ID S - Preliminary characterization of reinforced gelatin-chitosan scaffolds for tendon tissue
engineering applications
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Gelatin is an attractive biopolymer for the production of scaffolds for tissue engineering due to its biocompatibility,
non toxicity, and low cost. Chitosan, a derivative of chitin, is a widely available natural polymer that exhibits
antimicrobial and biodegradable behavior, as well as suitable physico-chemical properties after crosslinking. When
combined, gelatin and chitosan can produce biocompatible scaffolds with appropriate porosity and morphology for
tissue engineering applications. However, these scaffolds often fall short of meeting the required mechanical
properties for tendon engineering, such as tensile strength and failure load. Cellulose nanocrystals (CNCs), produced
via the acid hydrolysis of cellulose, are an interesting alternative for reinforcing polymeric scaffolds. They possess
an elevated length to width ratio, which grants them exceptionally high strength and stiffness, and exhibit no
cytotoxicity or immunogenicity.

In this study, CNCs are incorporated into a gelatin-chitosan solution, and subsequently frozen via unidirectional
freezing. This technique is well documented in its ability to produce aligned pore structures which resemble tendon’s
extracellular matrix, which is mainly composed of type I collagen fibrils. The resulting scaffolds are vacuum dried
for 48 hours, crosslinked and characterized for porosity, pore size, elemental composition, compressive and tensile
strength.
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Tendon tissue engineering represents an emerging field whose aim focuses on the design of 3D tendon biomimetic
scaffolds that should ideally combine adequate physical, mechanical, biological and functional properties of the
native tissue [2].

In this research, it was designed a bundle tendon-like PLGA 3D scaffold with highly aligned fibers on which the
structure and mechanical properties were evaluated. Moreover, it was assessed scaffold’s teno-differentiative and
immuno-inductive ability on amniotic epithelial stem cells (AECs).

The fabricated PLGA 3D scaffolds mimic macroscopically and microscopically the structure of native tendon tissue
and its biomechanical properties. Biologically, AECs seeded on the fabricated 3D scaffolds acquired a spindle
tenocyte-like morphology after just 24h compared to the AECs cultured on petri dishes (CTR) which maintained
their cobblestone morphology. The phenotypic change of the engineered AECs was also confirmed by visualizing
TNMD protein expression, a mature tendon marker, within their cytoplasm and supported by the analysis of tendon-
related genes (SCX, COL1, and TNMD) that were significantly upregulated at 7-day culture, while no TNMD protein
expression or significant increase in tendon-related genes was found in CTR cells. Moreover, the 3D construct
induced on AECs an upregulation of IL-10, an anti-inflammatory cytokine, maintaining basal levels of IL-12, a pro-
inflammatory cytokine, showing a favorable IL10/IL12 ratio.

In conclusion, the fabricated PLGA 3D scaffolds are tendon biomimetic in terms of ultrastructure and biomechanics,
making them also suitable for surgical purposes. Moreover, these constructs revealed a high teno- and immuno-
inductive potential on AECs and thus represent potential candidates for tendon regeneration.
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Nowadays, Health-Care Associated Infections (HAI) are globally responsible for serious morbidity, increased costs
and prolonged length of stay in healthcare structures. Frequently touched surfaces play an important role in the
transmission chain, hence anticontamination strategies may help fighting HAIs. For some years now, Cu has been
attracting widespread interest as anti-contamination material in hygiene-sensitive areas, due to its capacity for rapidly
inactivating bacteria, yeasts and viruses, more than other widely used materials such as stainless steel and polymers.
Thanks to a specific contact killing mechanism, Cu and Cu-based alloys may help fighting several pathogens such as
Sars-Cov-2 and HAI-responsible antibiotic-resistant “superbugs”. Within the next few years Cu is set to become an
essential means to reduce the infection risk from high-touch surfaces. However, critical information about
microstructure and micromechanical properties of Cu-based materials are neglected when solely evaluating
antimicrobial capability. Therefore, the aim of this study is to develop Cu-based thin-rolled foils with a suitable
tradeoff among workability, micromechanical and antimicrobial properties for high-touch fomites in hygiene
applications, by optimizing alloy composition. Hence, Cul5Zn and Cul8Ni20Zn with foil thickness ranging from 15
to 25 um were investigated, whilst PHC Cu (99.95%) was used as the benchmark. Microstructural characterization
was carried out by optical and electronical microscopy (FEG-SEM), energy dispersive spectroscopy (EDS) while
micromechanical properties were assessed by micro-hardness (HV), micro-scale abrasion (MSAT) and scratch tests.
Subsequently, Cu-based foils were exposed to selected pathogens for different time points, evaluating their
antimicrobial capability by quantitative Polymerase Chain Reaction (RT-PCR).
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Alginate-based hydrogels show numerous promising properties, i.e. high biocompatibility, and therefore they can be
used for soft tissue engineering. It is known that cells do not spread on alginate films but instead show weak
attachment, which is why alginate is commonly used as a negative control group for cell seeding experiments.
However, it was observed that cells were spreading on alginate films due to the unevenness and irregularity of casted
hydrogel films. Therefore, the causes of these irregularities, which result in an inhomogeneous cell distribution and
thus in cell spreading due to accumulation of cells in, e.g. cracks, were investigated. Consequently, an optimized
protocol for the fabrication of planar 2D hydrogel films enabling a homogenous cell distribution was established by
varying alginate types, freezing temperature and duration, concentration of crosslinking agent as well as crosslinking
time. Besides the investigation of two-dimensional cell-material-interactions, the films are also characterized in terms
of degradation behavior, chemical and mechanical properties as well as morphology. Furthermore, the alginate films
are compared to oxidized-alginate gelatin (ADA-GEL) hydrogel films to investigate the influence of the
incorporation of gelatin on the previously mentioned properties. The results of this study are of importance for
conducting cell seeding studies with alginate-based hydrogels, e.g. ADA-PEG.
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For an effective tissue regeneration, combinations of synthetic and natural polymers are explored to produce scaffolds
that provide the requirements such as biocompatibility, biomimetic interface, mechanical properties close to native
tissue and promotion of cell attachment and differentiation. The architecture and topography of the scaffolds
influence the regeneration process as well as the selected materials. From previous studies, it is obvious that the
scaffolds must have a porous structure to provide sufficient nutrient and waste exchange, and to support cell
migration. In case of tendon tissue engineering, nanofibrous scaffolds (NS) can mimic the hierarchical collagen fiber
structure of native tendon tissue and provide sufficient porosity simultaneously. As a tissue engineering approach, in
this study, we aim to synthesize NSs which are made up of polycaprolactone (PCL), polycaprolactone/chitosan
(PCL/C) and polycaprolactone/gelatin (PCL/G) in benign solvent systems and to evaluate their potential for tendon
tissue regeneration. The electrospinning process parameters are tailored according to fiber diameter and morphology
which should be optimized for cell attachment, differentiation and proliferation. The NSs are characterized in terms
of fiber morphology and size, chemical composition, hydrophilicity, and biomechanical properties by tensile test
measurement. Also, the biocompatibility of the scaffolds is tested in vitro by using stem cells to investigate the
potential for cell proliferation and differentiation into tenocytes.
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This study aimed to process and optimize the properties of bioceramic inserts based on hydroxyapatite, and evaluate
the fracture resistance of large Class I restorations in extracted posterior teeth restored with the bioceramic inserts
and commercially used restorative materials (CRM).

The hydrothermally obtained hydroxyapatite powder doped with magnesium ions (Mg-HAP) processed into
cylindrical inserts @ 4.70 mm was optimized to have adequate mechanical properties and bonding ability with CRM.
The extracted posterior teeth were divided in two groups and received Class I cavities restored by a) applying Mg-
HAP inserts with CRM and b) applying CRM only, as per the conventional clinical protocol. The teeth were subjected
to a compressive axial loading using a 3 mm diameter rod in a universal testing machine. The results showed
mechanical properties and bonding ability with CRM similar to dentin, and no statistically significant difference in
fracture resistance between the proposed protocol with Mg-HAP inserts and conventionally restored teeth with CRM.
Application of the bioceramic inserts could improve the lifespan by the reduction of polymerization shrinkage
without jeopardizing the fracture resistance of the restoration. This finding makes Mg-HAP bioceramic insert a
promising dentin substitute for large cavity restorations in dentistry.
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Biocompatibility is the key property for materials employed in medical applications to assure their safe humane
usage. In orthodontics, the malocclusions are treated using fixed metallic appliances, such as Nitinol (47-52% Ni)
and Stainless Steels (8-12% Ni and 17 22% Cr), due to the combination of favorable mechanical properties and
spontaneous passivation in corrosive environments. Nevertheless, the oral cavity — the “portal entry of the human
body” [1], with especially intense corrosive properties — makes all bioalloys unable to resist corrosion which could
compromise their biocompatibility. Indeed, biofilm accumulation and microbiologically induced corrosion were
clearly found on retrieved brackets and archwires after clinical use [2]. The released corrosion products/metal ions
may accumulate in the surrounding tissues and induce allergic reactions. Ni (and its compounds), typically present
in orthodontic alloys, is the most noticeable element: a strong immunologic sensitizer, capable of triggering cytotoxic
and mutagenic effects, with high carcinogenic potential. Thus, surface modification to obtain protective coatings is
one of the key solutions for orthodontic alloys, particularly coatings based on the main element of live: carbon, the
well-known diamond-like carbon (DLC) coatings. In this class, the hydrogenated amorphous carbon (a-C:H) stands
out. Previous studies [3-5] suggested that a-C:H-based coatings deposited on 310 and 316L biomedical AISI steel
grades remained chemically inert in simulated oral fluids (artificial saliva). In this research, the cytotoxicity of a-
C:H coatings is studied with mono- and co-cultures of fibroblasts (3T3) (ATCC American Type Culture Collection)
and naive macrophages using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay, along
with complementary characterization techniques.
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The electrospinning technique is a versatile and widely employed tissue engineering approach to fabricate tailored
nanofibrous scaffolds which mimic the three-dimensional architecture and topography of the extracellular matrix of
the target tissue. For tendon regeneration in particular, the electrospinning technique allows for the reproduction of
the highly hierarchical structure which native tendons are made of, consisting of aligned bundles of collagen fibrils.
Poly(glycerol sebacate) (PGS) is a biodegradable polyester with flexible elastomeric properties, whose synthesis can
be easily carried out through the polycondensation reaction of glycerol and sebacic acid. Its tunable mechanical
properties, bioresorbability and lack of immunogenicity, accounts for its already documented use as a component for
scaffolds aimed at soft tissue engineering applications, although its specific incorporation in scaffolds for tendon
regeneration remains mostly unexplored compared to the most common synthetic polymers studied in said field. In
this study, we aim to fabricate mildly crosslinked PGS-based nanofibrous scaffolds through the electrospinning
technique in a benign solvent system, to optimize their production process, and to characterize the morphology and
size of the fibers, the chemical composition of the scaffolds, their hydrophilicity, their mechanical properties through
tensile testing, and their degradation behavior. Moreover, preliminary biological in vitro tests are aimed at evaluating
the biocompatibility of the scaffolds for their potential use in tendon tissue engineering.
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Titanium-based bulk metallic glasses (BMGs) have specific mechanical properties and superior biocompatibility
making them promising materials for hard-tissue implant applications such as prosthesis, fixation, and dental
implants. 1,2 Bacterial adhesion and biofilm formation on implant surfaces are considered the main risks for implant-
associated infections which lead to the failure of medical treatments.3 Antibiotics are commonly used to handle
implant-related infections, yet the overuse of antibiotics has caused the rapid appearance of antibiotic-resistant
bacteria.4 Hence, the purpose of this work is to develop Ti-based implant materials with enhanced antibacterial
properties. Biocompatible Ti-based BMG (without toxic elements such as Ni, Al and Be) were cast and further
processed to create micro-/nano-patterned surface features by thermoplastic net-shaping (TPN) technique under the
supercooled liquid region (SCLR).5,6 The patterned surface features aiming to promote osseointegration were
characterized by scanning electron microscopy and X-ray diffraction. Furthermore, polyethylene glycol (PEG)
functionalized biopolymers were proven to enhance the biocompatibility and anti-biofilm properties of biomedical
materials.7 Therefore, in this research, PEG-based biopolymers were spin-coated on the patterned surface of
Ti40Zr10Cu34Pd14Sn2 BMG and then annealed under optimized temperatures and times to induce self-organizing
hierarchical structures which were characterized by polarized light and confocal laser microscopy. The antibacterial
properties were examined to test for effects on the viability of different bacterial species. This hybrid system aims to
inhibit biofilm formation and promote osseointegration for hard-tissue implant applications.
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ID 133 - Zinc Whitlockite (CaisZn2(HPO4)2(PO4)12): Dissolution-Precipitation Synthesis, Structural
and Morphological Features
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Calcium phosphates (CPs) are widely used in medicine for the regeneration of hard tissues due to their structural and
compositional similarity to natural bone. In recent years, there is a highly increased interest in CP additionally
containing Mg?" ions — magnesium whitlockite (Mg-WH, Ca;sMg>(HPO4)2(PO4)12), which is believed to be a
promising candidate in the context of bone repair biomaterials [1].

Despite the fact that first row transition metal (TM) ions are of comparable size with Mg?" ions, there is just a couple
of studies on materials with WH crystal structure, where Mg is replaced by other divalent cation. In our recent study
we reported for the first time on the feasibility of the formation of zinc whitlockite (Zn-WH, Ca;sZn2(HPO4)2(PO4)12)
— Zn containing analog of Mg-WH [2].

The main goal of the present work is to investigate the peculiarities of phase formation and structural properties of
Zn-WH as a potential non-investigated CP for biomedical applications. Zinc was chosen as an element of interest to
replace Mg?* ions due to several reasons. Firstly, the ionic radius of Zn?" in six-fold coordination (0.74 pm) is very
similar to that of Mg (0.72 pm). Secondly, Zn is an essential element, which is involved in many biological processes,
its highest content in human body is observed exactly in hard tissues. Moreover, Zn is relatively harmless element,
which means that its content in bone substitutes can be relatively high. Finally, other Zn containing CPs are known
for their superior biological performance and antibacterial properties.
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ID 135 - Novel biodegradable Mg-Y and Mg-Y-Li alloys
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This work is focused on the investigation of two Mg-based alloys, Mg-Y and Mg-Li-Y, as potentially new materials
for biodegradable applications. Both alloys were processed by equal channel angular pressing, and the effects of
yttrium or lithium addition on the microstructure, corrosion resistance, in vitro degradation in biological media,
cytotoxicity, and mechanical properties were investigated. The commercially well-known Mg-Y-RE-Zr (WE-type)
alloy was processed similarly and used as a benchmark in all tests. The WE-type magnesium alloy provides a
satisfactory degradation rate in conjunction with mechanical strength in the field of temporary implantable devices.
Microstructure evolution was analysed by scanning and transmission electron microscope and electron backscatter
diffraction. The mechanical properties of the investigated alloys were tested by compression deformation tests. The
initial corrosion resistance in the salt solution was examined by the electrochemical impedance spectroscopy method
and the degradation rate in the biological media was determined employing immersion tests.

Maria Zemkova, Charles University, Faculty of Mathematics and Physics, Department of Physics of
Materials, Ke Karlovu 5, Prague, Czech Republic, maria.zemkova@mff.cuni.cz , tel: +420 607 399 402


mailto:maria.zemkova@mff.cuni.cz

ID 140 - Tuning Cu Ion Release from Pd Bulk Metallic Glass Composites
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The combination of high mechanical strength, corrosion resistance and thermoformability makes precious metal-
based bulk metallic glasses (BMGs) particularly attractive for a variety of medical applications (e.g., implants).
Antibacterial or antibiofilm properties are a critical requirement for new biomaterials for such applications as device-
related infections are a substantial problem that strains the health system [1]. Pd43Cuz7NiioP2 (Pd-BMG) is a
biocompatible BMG former [2] with one of the lowest critical cooling rates [3], making it easier to use for medical
device manufacturing than most other BMGs. Additionally, it also contains Cu which is known for its antibacterial
properties. In this work, we create Pd bulk metallic glass composites (Pd-BMGCs) with various crystal fractions and
exploit its complex microstructure as a mean to tune its antibacterial properties. We identify three different crystalline
structures in the Pd-BMGC and link their amount, structure, and composition with the Cu ion release in vitro.
Furthermore, we identify aspects that control the appearance of certain crystalline structures over others.

This work was financed via the European Union’s Horizon 2020 research and innovation programme under the Marie
Sktodowska-Curie grant agreement No. 861046.
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ID 154 - Electrophoretic deposition, heat treatment and characterization of HA/ZnS/S-PEEK
coatings on the Zr-2.5Nb alloy

Filip Ku$mierczyk, Tomasz Moskalewicz
Faculty Of Metals Engineering And Industrial Computer Science, Agh University Of Science And Technology, Poland

Zirconium alloys are metallic biomaterials widely used for bone implants due to their favorable usage properties.
Although excellent biocompatibility Zr-2.5Nb has poor osteointegration and tends to easily form a biofilm on the
surface. Therefore bioactive and antibacterial coatings are often needed. The aim of this study was to develop
sulfonated polyetheretherketone (S-PEEK)-based coatings incorporating antibacterial ZnS and bioactive nano-
hydroxyapatite (HA) particles on the Zr-2.5Nb zirconium alloy substrates by electrophoretic deposition (EPD) and
post heat treatment. The heating of the coated alloy at a temperature of 450 °C and slow cooling resulted in thermal
sulfonation of PEEK and coating densification. Suspensions containing 30 g/L. of PEEK 704, 0.4 g/L of ZnS, and 1
g/L of HA powders in ethanol and chitosan polyelectrolyte in the contents of 95 and 5 vol%, respectively were used
for coatings deposition. Macroscopically homogeneous coatings were deposited at 90 V during 30 s. The zeta
potential of suspensions and deposition kinetics were investigated. SEM investigation revealed that heat-treated
coatings were continuous and relatively homogenous. XRD and FTIR analysis revealed sulfonation of PEEK as a
result of heat treatment. It was found that the HA/ZnS/S-PEEK coatings had greater roughness, hardness, modulus
of elasticity and adhesion strength in comparison to the ZnS/S-PEEK coatings. Both coatings improved the
electrochemical corrosion resistance of the alloy. Moreover, the HA/ZnS/S-PEEK coating showed apatite forming
capability during soaking in simulated body fluid. This work represents an innovative approach to the fabrication of
advanced sulfonated PEEK coatings containing bioactive and antibacterial agents for enhancing usage properties of
zirconium alloys in medical applications.
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Fabrication of BMG composites has been regarded as a useful way to improve the plasticity of the monolithic BMG
and therefore expand its potential application as engineering materials.

The present study aims to fabricate bulk Ca-Mg based composites by applying severe plastic deformation (SPD) via
high-pressure torsion (HPT) on two metallic glasses 1) Mg7Cai2Znis and 2) Mg7Cai2ZnisSn; (at. %). HPT allowed
to consolidate and plastically deform amorphous alloy (1) and partially crystalline alloy (2) into the bulk component
for the first time. Methods of X-ray diffraction, differential mechanical and differential scanning analyses, as well as
optical and scanning electron microscopy were carried out to characterize the consolidated samples. Furthre more,
mechanical properties like micro-hardness and elastic modulus were also studied.

Keywords: Ca-Mg based metallic glasses, high pressure torsion, mechanical properties.
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ID 208 - Advanced electromechanical devices for use in bone tissue engineering
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Bone lesions and diseases are becoming more prevalent, increasing the need for implants. Nowadays most of the
implants are made of metallic materials that often suffice the structural and mechanical needs but are often lacking
in biological properties. And here is a particular focus on improvement of the biological properties of metallic
implants, increasing their bioactivity and response to biological stimuli. This can be achieved using physical,
chemical, structural, or surface modifications of metallic materials. These modifications try to mimic natural
properties of the bone including the electromechanically assisted potential, which plays an important role in the bone
regeneration process. Bioactive polymer material Poly (L-Lactic acid) (PLLA) can be used to coat the metallic
implants thanks to its piezoelectric properties. The piezoelectric properties of PLLA in turn are highly dependent on
crystallinity degree. This work focused on studying the effect of the different surface treatments applied to the metal
and different parameters used during PLLA crystallization that can have an impact on the crystallinity degree of the
PLLA. For this purpose, PLLA solution of different concentrations (2.5 and 5.0 wt.%) was deposited on 316L
Stainless Steel (previously subjected to a thermal or UV treatment) via spin coating forming a thin PLLA film. The
films were then crystallized using a thermal plate or Linkam stage chamber using different cooling rates and different
temperatures. The results showed that UV treatment, with a lower cooling rate, seems to drastically increase the
crystallinity of PLLA. A significant differences in samples’ morphology according to the surface treatment and
parameters used were observed.
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Figure 1. Crystallinity degree as a function of
the cooling rate for samples subjected to
either UV or thermal treatment.
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ID 227 - Novel L-alanine and glycine based poly(ester amide)s: assessment on their thermal
processability and physico-chemical properties

Patricia Santos !, Arménio C. Serra !, Jorge F. J. Coelho !, Ana C. Fonseca !
! CEMMPRE, Departamento de Engenharia Quimica, Universidade de Coimbra, 3030-790, Coimbra, Portugal

a-Amino acid based poly(ester amide)s (AAA-PEAs), which combine the biocompatibility and biodegradability of
polyesters with the good mechanical properties of polyamides, are polymers whose importance in the biomedical
field has increased considerably in recent years. The versatility of the structures obtained, allowing fine-tuning of
physicochemical properties (e.g., hydrophilicity, stiffness, degradability) to specific applications, is clearly the main
advantage of these materials. In addition, the presence of a-amino acids enables the enhancement of cell-material
interactions, thus increasing cell adhesion and cell integrity. Despite the advantages and properties of AAA-PEAs,
their thermal processing, which could open new avenues in the field of additive manufacturing, has not been widely
explored.

In this work, AAA-PEAs based on L-alanine (PEA-ala) and L-alanine/glycine (PEA-ala-gly (90:10) and PEA-ala-
gly (75:25)) were prepared by solution polycondensation. The intended application for these PEAs is the regeneration
of articular cartilage (AC), so glycine and L-alanine were selected as AAAs. These AAAs are present in greater
amounts in the structure of collagen, which is the most abundant protein in AC. After obtaining the PEAs, they were
hot pressed and films were prepared. These were characterized in terms of swelling ability, in vitro degradability and
thermomechanical properties.
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ID 230 - Hyaluronic acid-based chemically crosslinked hydrogels via thiol-ene Michael addition
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Hydrogels are three-dimensional crosslinked networks able to absorb large quantities of water or body fluids. These
materials can be obtained by their in situ gelation. Hyaluronic acid (HA) is a natural polysaccharide widely used in
hydrogels. However, HA presents low mechanical strength and in vivo stability, as it is easily degraded by free
radicals or enzymatically degraded by hyaluronidase. Free carboxylic acid and hydroxyl groups of HA can be
chemically modified, being then able to participate in crosslinking reactions. Michael addition-based click reactions
have attracted much attention for chemically crosslinked hydrogel applications since they can occur efficiently at
physiological conditions with minimal by-product formation. Thiol-ene Michael addition consists of the reaction
between deprotonated thiol groups and electron-deficient double bonds.

In this work, HA-based hydrogels were obtained from the Michael addition between double-bond and thiol modified
HA. The HA-based hydrogels were prepared by mixing both thiol and double bond-modified HA dissolved in a
phosphate buffered saline (PBS) solutions (pH 7.4), at 37 °C, mimicking the physiological conditions.

This project is supported by Portugal 2020 through the incentive system for business R&D (Inject4Pain, project n°
45201).

Presenting author: Sara Inocéncio; Departamento de Engenharia Quimica, Universidade de Coimbra, 3030-
790, Coimbra, Portugal; sara.i.r.inocencio@gmail.com


mailto:sara.i.r.inocencio@gmail.com

ID 232 - Development of Polymeric Microparticles as Tailored Drug Delivery Systems for Co-
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Diogo MC Salgueiro*, Jéssica S Barbosa, Ana C. Fonseca*, Alain L. Costa, Ana C. Pinto, Antonio Nunes
Bluepharma Industria Farmacéutica S.A., S. Martinho do Bispo, 3045-016 Coimbra, Portugal
* CEMMPRE, Departamento de Engenharia Quimica, Universidade de Coimbra, 3030-790 Coimbra, Portugal

In the past years, there has been an increasing effort to develop drug delivery systems that could help overcome drug
limitations, such as low solubility, poor bioavailability and instability to external factors that can compromise an
efficient drug delivery. An example of such strategies is the preparation of versatile polymeric microparticles, such
as the ones presented in this work.

Through the well-known oil-in-water emulsion method, we prepared biodegradable polymeric microparticles, co-
encapsulating two active pharmaceutical ingredients (APIs). These APIs were selected due to synergistic therapeutic
effects when combined. Even though they present distinct physicochemical characteristics, we were able to
encapsulate both of them within the microparticles, as confirmed by HPLC-PDA analysis. The biodegradable nature
of the polymeric microparticles was given by a tailor-made polymer, assuring thus the biocompatibility of the final
product, and the concomitant extended release of the encapsulated drugs.

Changes in the microparticle formulation were made according to a Quality by Design (QbD) approach that allowed
a better understanding of the process and an adjustment of the particle size distribution (PSD) and drug content.
Further in vitro release studies showed an extended release profile for both drugs, aiming at a more convenient
administration and a better treatment efficiency, able to fit different applications.
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ID 155 - Fully-Printed Single Channel P(VDF-TrFE) Transducer for Ultrasound
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Ultrasound (US) transducers represent an emerging class of wearable sensors. The key component of a US transducer
is a piezoelectric crystal which converts an electrical signal into mechanical oscillations to generate US waves that
propagate deep into the tissues and converts the echoes back. Our work investigates the effects of different processing
techniques on deposited piezoelectric fluorinated polymer films. The organic flexible ultrasound transducer was
designed and fabricated. This work is focused on the analysis of the micro- and macrostructure of the printed layers
and on the fabrication of the US transducer and study of the processing parameters on the resonance frequency.
The main component of the US transducer is a P(VDF-TrFE) which is a semicrystalline piezoelectric polymer. In
this work a layer-by-layer screen-printing deposition of piezoelectric polymer films was performed. The thickness of
the film was determined by the number of printed layers and the mesh count of the used screen and was measured
with contact and non-contact methods. The obtained data revealed the dependence of resonance frequency of the
transducer from thickness and roughness of the functional layer. The effect of postprocessing (thermal, polarization)
on the piezoelectric properties of printed films was profoundly studied. Printed films were characterized with XRD,
impedance spectroscopy and AFM and matched with values of remnant polarization to understand the contribution
of every parameter. A proof-of-concept application of the fabricated transducer on an ultrasound A-mode line in a
water phantom was demonstrated.
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ID 161 - Modeling and state estimation for the advanced control of a multimaterial shape memory
based actuator
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Shape Memory Alloys (SMAS) are a class of smart materials with interesting thermomechanical properties, such as
the ability to recover very large deformations when heated. A peculiar application of SMA actuators is soft robotics,
where a SMA wire can be embedded inside a soft material, such as a polymeric matrix [1].

In this work, we expand the SMA model proposed in the literature by Brinson [2] so as to develop a new
thermomechanical multimaterial model of a SMA-based actuator made by a SMA wire coated by a silicone rubber
layer. The system is highly nonlinear, time-varying and hysteretic, adding to the complexity of controlling actuation.
We improved the controllability of the multi-material by implementing a new switched controller concept in the form
of a Variable PID. Its parameters are tuned based on the changing SMA operating zone, which is determined via a
state estimator and a logical block. Key to the switched controller implementation is the development of an Extended
Kalman Filter (EKF) for state estimation. The EKF was tested and showed robustness in predicting the state.
Preliminary simulations of the Variable PID show that the innovative strategy allows for faster heating and cooling
in the reaching some reference position compared to a conventional PID.

This control method could be used to reduce the requested electrical power and improve the overall material
performance.
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B.2. Advanced steels and cast irons

ID 212 — Effect of controlled thermomechanical heat treatment of nanobainitic steel on the
microstructure and mechanical properties
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Nanobainitic steel is very popular in recent years because of its excellent mechanical properties and wide application
in the automotive or armor industry. Unfortunately, these properties can be obtained only by low-temperature
isothermal heat treatment, which lasts from a few hours to a few days. Hence, the controlled thermomechanical heat
treatment was applied in the order to shorten the time of this treatment to a few minutes. The high-carbon nanobainitic
steel with the following chemical compositions: Fe-0.78C-2.45Mn-1.67Si-1.35Cr-0.21Mo-1.30A1 (wt.%) was
obtained through controlled thermomechanical heat treatment, which consists of rolling in the range of
austenitization, and isothermal transformation at 190°C for 30 min during which in the first stage the stress below
the yield strength of parent austenite for 10s was applied. The observations of microstructure using an optical
microscope, scanning electron microscope (SEM), and transmission electron microscope (TEM) was carried out.
These results confirmed that the microstructure of experimental steel mainly consists of a thin plate of bainitic ferrite
and films of retained austenite with a size below 100 nm. The synchrotron X-ray results lead to determining the
amount of retained austenite and their carbon concentration. The high mechanical properties of experimental
nanobainitic steel, such as Rm=1862 MPa, and YS=1287 MPa were achieved mainly due to nano-metric plates of
bainitic ferrite and its high dislocation density. Simultaneously, the high level of elongation, which is 11.8 % was
achieved because the TRIP and TWIP effects that take place during tensile deformation were noticed.
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B.3. High-performance alloys and intermetallics
ID 35 - Influence of oxygen on the structure of orthorhombic martensitic phase in titanium alloys

Kristian Salata, Dalibor Preisler, Jirka Kozlik, Josef Strasky, Milo§ Janecek
Department of Physics of Materials, Charles University, Prague, Czech Republic

Metastable B titanium alloys with increased oxygen content represent an attractive, but not yet a completely explored
area of titanium alloys. Their main advantage over conventional alloy Ti-6Al-4V (wt%), used for the manufacturing
of joint implants, is high strength and very low modulus of elasticity. When choosing the right concentration of f3
stabilizing elements, various phenomena associated with the martensitic transformation  — o’ can occur, such as
superelasticity, shape memory effect, or transformation-induced plasticity (TRIP).

In this work, we aimed to systematically study the influence of oxygen and B stabilizing elements (Nb, Zr) on the
crystal structure of the martensitic phase o’ arising during quenching or deformation. The main emphasis was given
to the investigation of the relative displacement of planes (011)p in the original bee structure depending on a wide
range of oxygen concentrations.

In the studied Ti-Nb-O and Ti-Nb-Zr-O systems, the proportion of Nb and oxygen was optimized to achieve the
formation of the o’ phase during quenching from the area above the B transus. The presence of the a’’ phase was
detected by scanning electron microscopy. The structural parameters (lattice constants, relative displacement of the
planes equivalent to (011)p in the bec structure) were measured by the X-ray powder diffraction method and Rietveld
refinement.
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ID 53 - Spatially resolved investigation of irradiation damage and hardening on proton irradiated
Zirconium alloys
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Inside the nuclear reactor, neutrons interact with zirconium atoms during nuclear chain reaction, producing collision
cascades which result in irradiation damage. This is observed in the microstructure as dislocation loop formation,
chemical segregation of solute elements and dissolution of precipitates. Protons are increasingly used to emulate
neutron irradiation for studying irradiation damage due to their lower cost, shorter irradiation times, better
accessibility, and similar resulting damage structures to neutron irradiation. In contrast to neutron irradiation, protons
produce a damage profile which varies with penetration depth (Fig. 1), providing an opportunity to study damage
evolution and its resulting effects. Zirconium samples have been proton irradiated to 0.1 dpa and the induced
microstructural changes have been investigated by nanoindentation and micro beam synchrotron X-ray techniques.
Both techniques were applied from the cross sections of the samples perpendicular to the irradiation direction. Depth
profilings in 30 pm deep irradiated regions with X-rays were carried out for line profile analysis leading to dislocation
density determination. Furthermore, hardening and crystal orientation relation was investigated using EBSD
(Electron Backscatter Diffraction) mapping technique which reveals the impact of irradiation on mechanical
properties. Here we show that the dislocation density and irradiation induced hardening follow the SRIM (Stopping
and Range of Tons in Matter) calculated dose profile where they both increase towards peak dpa depth before dropping
to non-irradiated region levels. Combining the two spatially resolved techniques has enabled to draw a better picture
of the damage evolution at the early stages of irradiation.

1.4

Dose (dpa)
. o o » B
B [+)] (=] o N

©
[N}

o
(=]

T T T T T

0 5 10 15 20 25 30 35

Penetration depth (um)

Fig. 1: Proton irradiation damage profile generated by using SRIM software package assuming 40 eV displacement damage for Zr with 2 MeV
protons.
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ID 158 - Mechanical and microstructural effects of new thermomechanical treatments to boost
damping of Beta III titanium

Jacopo Romano*!2, Simone di Giuseppe!, Fabio Lazzari'2, Lorenzo Garavaglia', Simone Pittaccio!
1- National Research Council of Italy - Institute of Condensed Matter Chemistry and Technologies for Energy (CNR-
ICMATE), Via Previati 1/E, 23900 Lecco, Italy

2-Politecnico di Milano - CMIC, Piazza Leonardo da Vinci 32, 20133 Milano, Italy

Metastable beta (5) Titanium alloys are a class of metallic materials, which find application in the aerospace field
due to their high yield strength and low density [1]. Some compositions in this class of materials also display a
pseudoelastic behaviour [2]. The presence of a hysteresis area in the stress-strain response, and the associated energy
loss, could, when combined with optimal strength, prove to be of interest in structural applications where intensely
loaded elements are subjected to vibrations, impulsive or dynamic forces in general.

The present work aims to provide a better understanding of the effects of microstructural modifications on the
damping properties of Beta III titanium alloy (Ti-11.5Mo-6Zr-4.5Sn). We investigated the effects of annealing
treatments followed by plastic deformation. Microstructural changes were observed through X-ray diffraction, optical
(Fig.1 Right) and electron microscopy. The damping behaviour of the material in terms of hysteresis and internal
friction response was evaluated by quasi-static tensile tests (Fig./ Left) and dynamic mechanical analysis (DMA).
Through heat treatment at 800°C for 3 hours followed by plastic deformation to 16%, we obtained up to 75.55%
increase in hysteresis in quasi-static conditions with good cycle stability, as well as an improved damping capacity
in dynamic conditions, especially for 1-2% strain amplitudes. Microstructural analysis results also suggest that,
differently from the conclusions of previous works [3,4], the main phenomena underlying the observed increase in
damping capacity are likely connected to the reversible motion of semi-constrained structures, namely twin
boundaries interacting with dislocations, without the involvement of martensitic transformations.
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ID 202 - Effect of rare earth elements on microstructure and oxidation resistance of y-y’ Co-based
superalloys

Damian Migas1*, Grzegorz Moskall
Silesian University of Technology, Faculty of Materials Engineering, Krasinskiego 8 st. 40-019 Katowice, Poland,
damian.migas@polsl.pl

The y-y' Co-based superalloys are promising heat-resistant alloys. They exhibit high operating temperature and
mechanical properties at elevated temperature, which are much higher compared to conventional cobalt superalloys
reinforced with carbides. The studies related to the development of this group of materials are focused on increasing
the operating temperature, mechanical properties and oxidation resistance, which is much lower compared to that of
nickel-based superalloys. One way of influencing the properties is addition of rare earth elements (REE). In this
study, the influence of minor REE addition (La, Nd, Ce, Dy) on the microstructure and high temperature oxidation
resistance was studied.

The alloys Co-9AI1-9W-0.1REE were prepared via vacuum induction melting (VIM) and gravity casting. The heat
treatment including solutionizing and aging was performed to obtain the y—y’' microstructure. The alloys were
subjected to high temperature oxidation at 800 and 900 °C. The microstructure and oxidation products were analyzed
via scanning electron microscopy (SEM).

The microstructure of the REE-doped alloys is composed of y-y’ phases and Co-REE precipitates enriched in Al. The
addition of rare earth elements may improve high temperature oxidation of Co-based alloys.

This work is financed from the budgetary funds for science for the years 2018-2022, as a research project within the
Diamond Grant programme (0069/DIA/2018/47).
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ID 205 - Characterization and properties of dilute twin-roll cast materials based on the AA2195
aluminum alloy

Rostislav Kralik, Barbora Ktivska, Lucia BajtoSova, Piemysl Malek, Oleksandr Grydin*, Mykhailo

Stolbchenko*, Mirko Schaper*, Miroslav Cieslar
Charles University, Department of Physics of Materials, Ke Karlovu 5, Prague 2, 121 16, Czech Republic
*Universitat Paderborn, Chair of Materials Science, Warburger Strafle 100, Paderborn, 330 98, Germany

AA2195 alloy is a third generation Al-Cu-Li based alloy. These alloys contain less Li and more Cu to facilitate
formation of ternary phase strengthening particles. Al-Cu-Li alloys are high strength and low-density materials used
in the aerospace industry for structural components. A standard AA2195 alloy is direct-chill cast and subsequently
processed and rolled into its final shape. A continuous casting method, such as twin-roll casting, could provide a
suitable alternative where the material is meant to be used as a thin sheet, as the as-cast material already comes in a
near-net shape. Two dilute AA2195-based materials were studied — one with the addition of Sc and one Sc-free. The
effect of Sc addition — a powerful grain refining element in Al alloys — on microstructure and mechanical properties
was identified. The proper thermomechanical processing of this class of twin-roll cast materials is currently unknown.
However, if well processed, they could reach comparable or better properties than direct-chill cast alloys.

Presenting author: Rostislav Kralik, rkralik96@gmail.com
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B.4. High entropy alloys
ID 22 - Atomic-scale modeling of diffusion in concentrated alloys

P. Camilos, T. Schuler, M. Nastar
Université Paris-Saclay, CEA, Service de Recherches de Métallurgie Physique, F-91191, Gif-sur-Yvette Cedex, France.

Experimental diffusion studies are only feasible at high temperatures and in most systems, it is not possible to measure
the full Onsager matrix. It is therefore necessary to model diffusion from the atomic scale. The problem is mostly
solved in pure and dilute alloys (e.g. [1]) but remains a challenge in concentrated alloys due to the vastness and
complexity of the configuration space. In this work, we aim at extending the kinetic cluster expansion formalism to
concentrated alloys in order to get an efficient evaluation of transport coefficients in concentrated alloys based on
atomic-scale data. Our formalism is based on the Self-Consistent Mean Field Theory [2] and is implemented in the
open-source KineCIluE code. We treat the configuration exactly in the vicinity of diffusing species, while further
away atoms are replaced by a homogeneous mean-field (Fig. 1). This approach provides an adjustable balance
between constructing precise kinetic paths and reducing computational load to keep calculations feasible. The
advantage of our model is that it can be applied to any concentrated alloy, e.g. high entropy alloys. We will show
how our model performs compared with previous theories, Monte Carlo simulations and experimental studies.

Fig. 1: Schematic representation of our model in the case of a ternary alloy (green, yellow and red) with 3 diffusing species (white). Each
diffusing species is surrounded by an “environment” whose limits are drawn in blue and by mean-field atoms (mixed colors).

[1] T. Schuler, Computational Materials Science (2020)
[2] M. Nastar, Philosophical Magazine A (2000)
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ID 128 - The designing of concentrated complex alloys new (CCA) for light armor applications

Diaa MEREIB1*, Jean-Philippe COUZINIE1, Juliette GANDOLFI2, Azziz HOCINI2, Loic PERRIERE1
! Paris-Est University (UPE), ICMPE (UMR 7182), CNRS, CP94320

2 Sorbonne Paris Nord University, LSPM (UPR 3407), CNRS, CP93430

* diaa.mereib@cnrs.fr

The candidate materials for armoring military land vehicles require excellent mechanical strength with high
deformation capacity. Steels are the materials mainly used for these applications. However, the range of materials
used to meet this need is limited, since they are mainly low-carbon, low-alloy steels. This results in a relatively high
density of alloys, which opposes the problems of mass reduction and energy saving. In this context, the search for
new metallic material solutions with higher specific properties is a necessity.

In our project, we propose the design of concentrated complex alloys (CCA) for light armor applications. Recent
studies on CCA compositions, particularly the Co-Cr-Fe-Ni system, have shown a good compromise between
mechanical strength, hardness, and ductility at low temperature [1]. To improve this mechanical resistance, different
reinforcement strategies are studied. Among the commonly used, the one leading to a reinforcement of the face-
centered cubic matrix by a controlled precipitation of an intermetallic phase of L12 and/or B2 type by addition of
minority elements (Ti, Al, Mo, or Ta) is envisaged [2][3].

Thus, the first phase of the work consists of performing thermodynamic calculations to screen the Al-Co-Cr-Fe-Ni-
Ti system and identify alloy compositions with the desired microstructural characteristics. Secondly, the most
promising alloys were produced by a fusion/solidification process and shaped by cold rolling. Their microstructures
have been characterized by scanning electron microscopy, by EBSD (Electron BackScatter Diffraction), by EDS
(Energy Dispersive Spectroscopy) and transmission electron microscopy, as well as by X-ray diffraction. The
mechanical properties (microhardness, tensile strength) are also studied.
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B.6. Carbon based materials

ID 115 - Carbon-based monoliths with improved thermal and mechanical properties for methane
storage

Snezana Reljic*, Manuel Martinez-Escandell, Joaquin Silvestre-Albero
Laboratorio de Materiales Avanzados, Departamento de Quimica Inorganica-Instituto
Universitario de Materiales, Universidad de Alicante, Spain

A series of activated carbon materials have been prepared from petroleum residue using KOH as activating agent.
The gravimetric adsorption capacity for methane of the synthesized samples increases with the activation degree,
albeit at a lower packing density of the carbon material. These results anticipate an optimum pitch/KOH ratio (1:3)
to achieve an upper limit in the volumetric storage capacity. Activated carbon powders have been conformed into
monoliths using a small amount of a binder (5 wt.%), either carboxymethyl cellulose or polyvinyl alcohol, with
proper mechanical properties. Incorporation of graphite or graphene in the initial formulation does not alter and/or
modify the textural properties of the original activated carbon. However, once conformed into monoliths, the presence
of graphite or graphene allows to improve i) the packing density of the monolith (up to 0.52 g/cm3), ii) the mechanical
properties of the monoliths (compressive strength 12.3 MPa) and iii) their thermal conductivity (up to 0.49 W/mK)
without compromising the methane storage capacity (ca. 100 V/V).
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ID 203 - Multilayer Ti-DLC/ DLC coatings deposited by DC magnetron sputtering

Mobeen Haneef, Manuel Evaristo, Bruno Trindade, Ardian Morina*, Liuquan Yang*

University of Coimbra, CEMMPRE-Centre for Mechanical Engineering Materials and Processes, Rua Luis Reis Santos, 3030-
788 Coimbra, Portugal

*Institute of Functional Surfaces School of Mechanical Engineering, University of Leeds, Leeds, LS2 9JT UK

DLC coatings are metastable films of amorphous carbon obtained by achieving sp* and sp® structures in a single
coating [1]. These coatings have emerged as valuable coatings for mechanical and tribological applications where
lower wear and friction are required as compared to conventional materials [2]. The coatings are often doped with
metals and non-metals to obtain desired properties.

Ti-doped DLC coatings are used where low friction and wear rate is required along with optimal mechanical
properties [3]. Conventionally, doping of DLC coatings with metals like Ti, results in a better tribological behavior
but lower mechanical properties such as hardness and elastic modulus. To overcome this problem, multilayered Ti-
DLC/ DLC coatings, with different titanium contents, were deposited in this work on M2 tool steel and silicon
substrates by DC magnetron sputtering. The coatings have been characterized by nanoindentation technique, for
measurement of hardness and elastic modulus, XRD for crystal structural analysis, scratch test for adhesion, and
SEM/EDS for morphological and chemical compositional assessment. The results will be presented and discussed.

Acknowledgments: GreenTRIBOS Project Number 860246.
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ID 231 - Investigating the interplay and interface of water and carbon species

Bharvi Chikani
UCL Chemistry, London, UK

Water and carbon are important building blocks of universe. Carbon is often referred to as being a hydrophobic
(water-hating) material. However, water and carbon species often coexist such as in icy comets and clathrate hydrates.
The structural arrangement of water molecules hydrating hydrophobic species undergo changes depending on the
shape of the hydrophobic species. This research will place the water molecule in different carbon environments and
investigate how the chemical and physical properties of water are affected. It will detail how various carbon species
affect the crystallization of amorphous ice as well as well as other phase transitions. We use a high-vacuum chamber
to synthesize H,O-carbon samples at various ratios which are characterized by differential scanning calorimetry and
X-ray diffraction. Upon heating, various structural changes are seen such as a delay in crystallization of H,O when
carbon species are incorporated into the matrix of amorphous ice. This research will impact astrochemistry,
atmospherics and materials science and provides a better understanding across a multi-disciplinary range of
applications ranging from biological to physical processes in ice.
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Bharvi Chikani,
UCL Chemistry,
20 Gordon Street,
London,

WCI1H 0AJ.



B.7. Composites and nanocomposites

ID 2 - Compressive strength, water absorption, surface hardness and abrasion resistance of
geopolymer concretes

WITZKE, Franky Bruno', BELTRAME, Neusa Aparecida Munhak', LUZ, Caroline Angulski da?

MEDEIROS-JUNIOR, Ronaldo Alves'.

Federal University of Parand, Civil Engineering Postgraduate Program, 80210-170, Curitiba, Brazil.
2Federal Technological University of Parand, Civil Engineering Program, 85503-390, Pato Branco, Brazil.

Conventional concrete structures have demanded considerable costs for the repair of their areas affected by surface
abrasion. Furthermore, these conventional materials often couldn’t meet the requirements imposed by the
environment where they are located. Therefore, the growing number of research on geopolymers in recent years
reports that this material has satisfactory durability. The main objective of this paper is to investigate some strength
(compressive, hardness and abrasion) and tightness properties of geopolymer concrete. For this purpose, mixtures of
conventional concrete with cement and geopolymer mixtures with metakaolin and rice husk ash were produced. Bulk
density, consistence index, compressive strength, surface hardness, water absorption and an accelerated method of
surface wear by abrasion were made. Preliminary results showed that geopolymer concretes had smaller fresh density
and a higher consistency index. Moreover, the partial replacement of metakaolin to rice husk ash decreases the water
absorption. Furthermore, despite geopolymer and conventional concrete having the same mechanical strength, the
two geopolymers mixtures showed higher surface hardness. The geopolymers showed satisfactory surface abrasion
resistance too. Thus, the use of geopolymers can be an alternative to replace conventional cementitious materials.

Presenting author: Franky Bruno Witzke, Federal University of Parand, Civil Engineering Postgraduate
Program, 80210-170, Curitiba, Brazil. fwitzke@hotmail.com
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B.8. Fatigue wear and corrosion

ID 48 - Effect of liquid metal on fatigue life of structural materials: an environmental factor
approach

Fuentes Solis, N.!, Gavrilov, S.!, Seefeldt, M.2, Marmy, P.!
!SCK CEN, Boeretang 200, 2400 Mol, Belgium
’KU LEUVEN, Kasteelpark Arenberg 44 - bus 2450, 3001 Leuven

Some types of ferritic and austenitic stainless steels have been long qualified as nuclear-grade structural materials
and are widely used in nuclear applications. Their mechanical properties have been well established for a wide range
of temperatures, in typical nuclear reactor environments such as air and water. Much less has been investigated about
the compatibility and qualification of these materials in contact with heavy liquid metal (HLM) coolants for
Generation IV reactors.

One of the key mechanical properties of nuclear materials is fatigue damage, both for reactor design and for life
extension programmes. Fairly recently, the effects of light water reactor (LWR) environments on fatigue life have
been incorporated in nuclear design codes through the environmental factor (Fen) approach [1].

In this paper, the Fen approach is adapted to assess the environmental effect of a liquid metal, lead—bismuth eutectic
(LBE), on the fatigue lives of two stainless steels: ferritic-martensitic T91 and austenitic 316L. The Fen approach is
applied to results of low cycle fatigue (LCF) tests performed on cylindrical samples of T91 and 316L in vacuum, air,
and LBE environments, setting the vacuum environment as the reference to determine the environmental factor of
air and of LBE. The results show that the LBE environment has an effect on fatigue life when compared to the
vacuum environment. However, in the conditions tested, the effect is comparable to the effect of air, especially for
316L, where the environmental factors have almost identical values.
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ID 54 - Effect of post treatments on fatigue performance of 18Ni-C300 specimens printed by SLM
technic.

Apostolos Arvanitidis1,2, Fotis Kazelis1, Nikolaos Michailidis1,2*

1 Physical Metallurgy Laboratory, Dept. of Mechanical Engineering, School of Engineering, Aristotle University of
Thessaloniki, 54124 Thessaloniki, Greece

2 Center for Research & Development of Advanced Materials (CERDAM), Aristotle University of Thessaloniki (AUTh) and
Texas A&M Engineering Experiment Station (TEES)

While the potential applications of Selective Laser Melting (SLM) technic are very important, and features such as
yield and ultimate tensile strengths with appropriate processes may be very close to those of wrought and cast
materials, their final application presupposes the study of fatigue strength that will clarify the range of application
possibilities and the modifications of the objects for its mechanical improvement. Printing parameters can affect the
structure, roughness and porosity and consequently the mechanical properties of the produced product. The influence
of the internal structure as well as post treatments like mechanical grinding, shot peening and heat treatment was
investigated on fatigue performance. Hardness measurements as well fractographic and microscopic analysis was
made to help analyze the results obtained. The combinations of in situ and post-treatments are highlighted according
to the desired final properties.
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Innovative fatigue device for c-ring specimens and microstructure of a printed specimen by SLM technic.
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ID 65 - Medium carbon steels: when and why do low loads and holding times increase lifetime?

Max Benedikt Geilenl, Marcus Kleinl, Robert Kiithne2, Martina Zimmermann2, Matthias Oechsnerl
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Address 1 Centre for Engineering Materials (MPA-IfW), Technical University of Darmstadt, Grafenstrafle 2, 64283
Darmstadt, Germany

Address 2 Fraunhofer-Institut fiir Werkstoff- und Strahltechnik, Winterbergstrafse 28, Dresden, Germany

With the onset of Very High Cycle Fatigue research, an anomaly in the Miner paradigm started occurring repeatedly:
instead of decreasing the residual lifetime of a specimen, low load cycles just below the so-called endurance limit
increase lifetime compared to constant amplitude tests even if only the cycles of the highest load block are counted;
the low load cycles contribute a negative amount of damage in damage accumulation computations. We give a brief
overview over related anomalies and discuss conditions of occurrence as well as possible mechanisms, identifying
stress-enhanced static strain aging and oxide-induced crack closure as the most likely ones. We present experiments
that show that holding a specimen at tensile stresses enhances static strain aging compared to holding the same
specimen at zero stress.
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Staatliche Materialpriifungsanstalt Darmstadt
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ID 82 - An investigation into the effect of microtextured regions on the fatigue properties of forged
titanium.

Patrick Curran, Jodo Quinta Da Fonseca, Pratheek Shanthraj, Philip B. Prangnell, Benjamin Dod*
Henry Royce Institute Hub building, The University of Manchester, M13 9PL, UK
*Airbus, Toulouse, France

Large industrial forgings of titanium alloy Ti64, are used in modern airframes. These components are used in the -
annealed condition, which produces a microstructure made up of large lamellar grains, with a coarse lath, a
consequence of the slow cooling rates in large forgings. When the material is cyclically loaded, strain and stresses
will localize within these coarse grains, which could lead to fatigue crack initiation. In this project in-situ high
resolution digital image correlations (HRDIC) of monotonic and cyclic loading were carried out. The results were
compared to computational modelling, using the crystal plasticity modelling framework DAMASK. Simulations
were made using different constitutive laws, with and without back-stresses, to predict how the strain localizes. Both
experiments and simulations showed that strain localized in grains that were well-aligned for prismatic and basal slip.
Although using the constitutive behavior with back-stresses provide better agreement at the macroscale, it does not
significantly change the strain localization at the microstructural scale. The implications of these results for modelling
the strain localization in the B-annealed Ti64 microstructures is discussed.

Henry Royce Institute Hub building, Manchester, M13 9PL
Patrick.curran@postgrad.manchester.ac.uk



ID 137 - Effect of simulated body fluid on additively manufactured Ti-6Al-4V under mechanical
load

Jessica Tjandra', Enrique Alabort?, Daniel Barba®?, Stella Pedrazzini!
!Department of Materials, Imperial College London SW7 2AZ, United Kingdom

2Alloyed, Oxford Industrial Park OX5 1QU, United Kingdom

3School of Aeronautics and Space Engineering, Polytechnic University of Madrid 28045, Spain

Titanium alloys are commonly used in orthopaedic implants due to biocompatibility and good osseo-integration,
although their corrosion resistance remains to be evaluated. The current work investigates the mechanical
performance of additively manufactured (AM) Ti-6Al-4V alloy exposed to simulated body fluid solution (SBF)! via
in-vitro experiments. Dogbone samples were tested under tensile stress whereas lattice samples were tested under
static and cyclic compressive stress. When tested under tensile stress, it was found that prolonged exposure to SBF
leads to a decrease in Young’s modulus, ultimate tensile strength and ductility. Under compressive stress, it was
found that exposure to SBF leads to a decrease in compressive strength of lattices. Electron imaging of fracture
surfaces revealed the formation of microscopic cracks in samples exposed to SBF. These results show the effect of
corrosion on the degradation of mechanical properties of the alloy, which have not been well studied in AM materials,
especially in designs with large surface area: volume ratio. We have evidence that the ingress of oxygen from SBF
is crucial in stress-corrosion cracking and further work is currently underway to investigate the oxygen concentration
at the crack tips.

1. Kokubo, T. & Takadama, H. (2006) Biomaterials 27, 2907-2915.
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ID 160 - Corrosion behavior of stainless steels in CO2 absorption process using aqueous solution of
monoethanolamine (MEA)

A. Baxevani!, C. Florou!, F. Stergioudi', N. Michailidis', E. Nessi?, A.I. Papadopoulos?, P. Seferlis**

!Physical Metallurgy Laboratory, Mechanical Engineering Department, Aristotle University of Thessaloniki, 54124
Thessaloniki, Greece

2Chemical Process and Energy Resources Institute, Centre for Research and Technology Hellas, 57001, Thermi, Greece
3Laboratory of Machine Dynmics, Mechanical Engineering Department, Aristotle University of Thessaloniki, 54124
Thessaloniki, Greece

Among the several methods for capturing CO» from industrial exhaust gas, the most attractive, in terms of flexibility,
is the gas absorption technique employing aqueous solutions of alkanolamines, also known as the amine treatment
procedure. However, all amine treatment plants have encountered corrosion issues.

In this study corrosion behavior of two stainless steels (3161 and 304L) was evaluated by using a CO, -loaded
aqueous solution of 30 wt% monoethanolamine (MEA) in a view to simulated corrosion related mechanisms in amine
treatment procedures. Corrosion behavior was experimentally evaluated as a function of CO; loading in solution and
solution temperature, using electrochemical techniques (polarization curves, cyclic polarization and EIS
measurement). The results reveal that the aqueous MEA solution containing CO; creates a favorable environment for
the corrosion of both stainless steels. The rate of corrosion is also accelerated when the temperature of the MEA
solution rises. The major contribution to this corrosion enhancement was thought to be dissolved CO2. The
substantial reliance of corrosion rate on solution (lean and loaded MEA solution) demonstrates that the corrosion
process and reaction are controlled by a diffusion mechanism. This study aims to establish baseline corrosion data
for the MEA—CO: system for stainless steels, which may be used for subsequent corrosion control research so as to
get a better knowledge of corrosion mechanisms and behavior in relation to process parameters that simulate real
plant operating conditions.

Acknowledgements: This research has been financed by the European Union and Greek National Funds through the
Operational Program Competitiveness, Entrepreneurship and Innovation, under the call Research — Create —
Innovate, Project T2EAK-01911
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C.1. Coatings and surface nanomodification
ID 19 - Influence of Mo on structure-mechanical properties of TiB2+z coatings
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Transition Metal Diboride (TMB2) thin films deposited by physical vapor deposition (PVD) are gaining a lot of
attention in industry and academia as next generation protective coatings for diverse applications. So far, TMB2 are
known for their refractory character involving high hardness, thermal stability as well as chemical inertness.
However, one weak point of these ceramic coating materials is their limited fracture resistance. Here, different
theoretical studies [1,2] suggest novel alloying strategies — forming ternary TMBs — to reduce their brittle behavior.

Therefore, in this study we investigated the influence of Mo on the structure-mechanical properties of Ti-Mo-B2+z
coatings. Different coatings were grown by DC magnetron sputtering using 6-inch powder metallurgically
manufactured TiB2, TiB2/MoB 95/5 mol%, TiB2/MoB 90/10 mol%, as well as TiB2/MoB 80/20 mol% targets. To
gain a detailed insight on the structure-morphological properties, a broad set of characterization techniques was used
—1.e. electron based microscopy (SEM & TEM), X-ray diffraction (XRD), Nanoindentation, or Inductively Coupled
Plasma Optical Emission Spectroscopy (ICP-OES). The fracture toughness was evaluated by micromechanical
cantilever bending tests. Furthermore, the oxidation behavior was investigated using a thermogravimetric system. In
summary, Mo influences the growth behavior of a-structured TiB2+z films, leading to nanocrystalline but more
stoichiometric coating materials. The fracture behavior and super-hardness of Ti-B2+z thin films are not dominated
by Mo.

[1] V. Moraes, et al., Sci. Rep. 8 (2018) 9288.
[2] B. Alling, et al., Sci. Rep. 5 (2015) 9888.
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ID 21 - Phase formation and oxidation resistance of physical vapor deposited MoSi2 thin films

S. Richter!, A. Bahr!, T. Wojcik!, J. Ramm?, O. Hunold?, P. Polcik?, S. Kolozsvari’,

and H. Riedl'*

1 Christian Doppler Laboratory for Surface Engineering of high-performance Components,
TU Wien, Austria

2 Qerlikon Balzers, Oerlikon Surface Solutions AG, 9496 Balzers, Liechtenstein

3 Plansee Composite Materials GmbH, D-86983 Lechbruck am See, Germany

4 Institute of Materials Science and Technology, TU Wien, A-1060 Wien, Austria

Molybdenum disilicide belongs to the group of refractory transition metal silicides, being a highly attractive class of
coating material to withstand high-temperature oxidative environments. Due to the formation of a protective silicon-
based oxide and having a mixed metallic and covalent bonding character, MoSi, exhibits an interesting combination
of outstanding high-temperature oxidation resistance but also suitable mechanical properties.

Within our study, we deposited MoSi; thin films by direct current magnetron sputtering (DCMS) and by high power
pulsed magnetron sputtering (HPPMS) in pure Ar atmospheres. For the growth of the films an in-house developed
(lab-scaled) deposition system was used. The influence of the deposition parameters (e.g. deposition pressure,
temperature, or bias potential) on the phase formation and mechanical properties was investigated systematically. All
coatings deposited were in-depth analysed concerning their structure-mechanical properties, using a broad set of
characterization techniques — i.e. scanning as well as transmission electron microscopy (SEM & TEM), X-ray
diffraction (XRD), and nanoindentation. In addition, the oxidation kinetics were studied in detail using a combined
differential scanning calorimetry/thermogravimetric system (DSC-TGA). The oxidation kinetics were analysed at
different temperature regimes up to 1500 °C.

Keywords: Disilicides; PVD; Protective Coatings; Oxidation; Phase Stability;
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ID 181 - Synthesis and characterization of Si and O doped diamond-like carbon coatings
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Silicon doped diamond-like carbon coatings are well known for their excellent tribological properties and high
thermal stability. While, previous studies established that the presence of oxygen dictates the surface properties of
these coatings, the effect of oxygen content or O/Si ratio on properties of diamond-like carbon coatings has not been
explored in detail. This gap can partially be attributed to the fact that these coatings are conventionally deposited
using chemical vapor deposition pathways involving a complex decomposition process of Si-O containing precursors,
hence limiting the precise control of dopant concentration in the final coating. This study reports development of
silicon and oxygen doped diamond-like carbon coatings by reactive magnetron sputtering. The silicon (0 — 30 at. %)
and oxygen (3.2 — 20 at. %) contents in the coatings were varied by controlling the power supplied to the silicon
target and oxygen gas flow, respectively. In the case of oxygen-free coatings, silicon content increases linearly with
the power supplied to the target. While, for oxygen-containing coatings, a linear relationship between O/Si ratio and
oxygen flow/silicon target power, was observed. The hardness of the coatings increases with increasing silicon
content (maximum up to 18 GPa) while the introduction of oxygen generally resulted in comparatively lower
hardness values (minimum up to 13.5 GPa). A similar trend was observed for the surface energy values of these
coatings. The findings of this study will help in the selection of suitable coating stoichiometry for achieving desired
coating properties of silicon and oxygen doped diamond-like carbon coatings.
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ID 185 - Hydrogen embrittlement mitigation in austenitic stainless steels by means of surface
modification and carbon-based coatings

J. Carreras, G. de Diego, S. Merino
CIEMAT, Avda. Complutense 40, 28040 Madrid

Hydrogen is slowly becoming a fundamental building block in the foundations of clean energy and therefore the
development of safe and cost-effective storage and transport methods is essential to its success. Hydrogen
embrittlement is a widely known phenomenon that particularly affects metals and is responsible for the initiation of
fracture and ultimately catastrophic failure of the material or structure. Therefore, one of the main challenges in the
development of hydrogen storage and transport methods is related to reducing the interaction of this gas with
structural materials. This work focuses on the prevention and mitigation of hydrogen incorporation in austenitic
stainless steels for hydrogen storage. Grades 304 and 316L have been chosen within this group because they are two
of the most widely used in industry. The objective of the study is to reduce the amount of hydrogen permeating in
these materials, either by electrochemical means (cathodic charging) or by gaseous means (at high H» pressures). For
this purpose, the surface of the materials studied has been modified by laser radiation and carbon-based coatings have
been deposited in order to avoid embrittlement.
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Tungsten carbide in cobalt matrix (WC-Co) is preferably used for various machining applications. However, the
increased machining demands, and growing productivity requirement poses added pressure for additional
improvement of machining tools performance. Thus, it is being required to coat the cutting edge of the tools with
high wear resistance coatings for improve sustainability and longer tool life. Diamond like carbon (DLC) coatings is
being used in various applications due to their high stability, good wear resistance and low coefficient of friction
properties. Diamond based coatings are used for the machining operation of non-ferrous components like aluminium.
However, titanium being a difficult to machine material poses high wear on the tool edge and cause reduction in the
tool life. In this study, DLC coatings are deposited on the WC-Co (10% Co binder) having a mirror like surface finish
(~0.05 pum) using a High power impulse magnetron sputtering (HiPIMS) technique. The deposition is being
accomplished using a plasma of Ar and Mixture of Ar+Ne to produce different variation of coatings. DLC coatings
are being tested against the titanium alloy in a pin-on-disc configuration using the equipment build in the CEMMPRE
lab [1]. DLC coatings will be tested against the counter-body of Ti6Al4V to analyze the wear mechanism and friction
variation against the variation of applied load and sliding distance.
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ID 216 - Decorative and functional coatings on polymeric substrates for the automotive industry
using an eco-friendly technology
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Many objects found daily in automobile and decorative industries are metal-coated plastics parts that are replacing
traditional metallic materials. Most of these parts are manufactured using injection molding and subsequently
metallized using eletroplating and eletroless methods. However, these processes include the use of solutions
containing extremely toxic and environmentally hazardous compounds such as trivalent (Cr*") and hexavalent (Cr®"
chromium, which drives the need in industry to develop other methods for deposition of coatings on plastic parts [1]—
[4].

Magnetron sputtering (PVD) is a very versatile technique, applied in a non-polluting way, used to produce thin films
of a wide range of metals, with excellent properties, being capable to replace the chrome plating. The biggest
challenge of this technique involves high temperatures and residual stresses, both intrinsic effects of PVD processes
[1], [6].

In the present work, multilayered coatings based on MeN (Me=Ti, Cu) were deposited by magnetron sputtering on
polymers substrates. Composition was assessed by Energy Dispersive Spectrometry (EDS), X-ray diffraction (XRD)
experiments were performed to evaluate the crystalline structure of the polymer substrates upon thin film deposition
and also to assess the crystalline structure of the coatings. The morphology of the films was studied by scanning
electron microscopy (SEM) and optical microscopy (OM) and color coordinates were measured by CIELab color
space.

The main goal is to achieve a thick coating able to resist external aggressions with good adhesion and without visible
cracks.

[1]S. Wang, C. Ma, and F. C. Walsh, “Alternative tribological coatings to electrodeposited hard chromium: a critical
review,” Trans. Inst. Met. Finish., vol. 98, no. 4, pp. 173-185, 2020, doi: 10.1080/00202967.2020.1776962.

[2] E. Comission, “Directive 2002/95/EC of the European Parliament and of the Council,” Off. J. Eur. Union, pp.
19-23, 2003.

[3] Y. Wang, H. Su, Y. Gu, X. Song, and J. Zhao, “Carcinogenicity of chromium and chemoprevention: A brief
update,” Onco. Targets. Ther., vol. 10, pp. 4065-4079, 2017, doi: 10.2147/OTT.S139262.

[4]J. K. Dennis and T. E. Such, Nickel and chromium plating. Woodhead Publishing, 1993.

[5] K. Wagner and J. R. Smith, “Exterior UV-Curable Topcoat For Physical Vapor Deposition Applications,” Soc.
Plast. Eng., no. 2, pp. 832-835, 2009, [Online]. Available: https://plasticsdecorating.com/articles/2010/exterior-uv-
curable-topcoat-forphysical-vapor-deposition-applications/.

[6] P. Panjan and 1. Milos, “PVD coatings as an environmentally clean alternative to electroplating and electroless
processes,” Surf. Coatings Technol., vol. 116-119, pp. 476487, 1999, doi: 10.1016/S0257-8972(99)00145-0.
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TiN/CrN, TiSiN/CrN and NbN/CrN multilayer coatings of varying bilayer period (A) were deposited in an industrial-
scale deposition system by means of reactive high power impulse magnetron sputtering (HIPIMS). Three different
coatings were deposited for each composition with A around 100 nm, 25 nm and 15 nm by directly alternating the
sputtering of the different metallic targets in a nitrogen-containing atmosphere. The influence of the A was
investigated in regard of the chemical composition, microstructure, and mechanical properties of the coatings. All
coatings appear to be very smooth and compact in scanning electron microscope images and atomic force microscopy
measurements regardless of the bilayer period. X ray diffraction showed separate crystalline phases for the samples
with higher bilayer period. However, as the A decreases, the position of the peaks overlaps which would indicate the
trend to a formation of a single-phase solid solution. More specifically, for the TiN/CrN sample with A 25 nm, the
presence of satellite peaks around the principal peak confirms that a superlattice structure has formed. The
compressive stress, as quantified using the sin?y method, revealed values between -1 and -3 GPa for all the coating
systems.

High hardness values around 25 GPa were obtained by nanoindentation technique for all the coatings.

For the TiN/CrN system, the highest value obtained was 32 GPa while for TiSiN/CrN it was 28 GPa and for NbN/CrN
29 GPa. The maximum hardness value was observed for the samples with A 25 nm regardless of the composition.
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C.2. Advanced metallurgical processing

ID 85 - Effects of Precious Metal Doping on Stainless Steels Produced by Spark Plasma Sintering
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The corrosion resistance of stainless steels can prove inadequate in particularly aggressive environments leading to
reduced service life and poor performance. Research shows that cathodic modification with precious metals by
alloying and coating can improve the corrosion resistance of stainless steels. Research which explores the use of
spark plasma sintering (SPS) to produce stainless steels cathodically modified by precious metals remains lacking.
This project aims to incorporate precious metals into stainless steels by functional grading using SPS. The metal
powders used have been characterised by particle size analysis and SEM. The sintered parts have been analysed using
SEM to investigate grain size and elemental segregation. Indentation testing and density measurements of the sintered
samples was also carried out.



ID 214 - Kinetic of hardening of 6061 aluminum alloy during electrically assisted artificial aging
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Aluminium alloys are commonly used in the automotive and aeronautical fields due to their excellent mechanical
specific properties. The performance of certain alloys such as 6061 can be implemented thanks to artificial ageing
heat treatments, increasing mechanical strength and stiffness. Introducing the use of electric current, in particular
with high current densities, in several thermal treatments such as recrystallization, solubilization and stress recovery
has been shown to significantly increase the transformation and relaxation kinetics by decreasing energy consumption
and speeding up the production processes and, in some cases, also improving the performance of the material when
compared to traditional heat treatments. This study analyses the effects of artificial ageing on a previously solubilized
6061 aluminium alloy performed by heating the samples to the target temperatures using a resistance furnace and via
joule heating generated by continuous and pulsed current applied with a power supply system. The effect of direct
current and its application mode on the kinetic of hardening phases precipitation was evaluated and compared with
traditionally heat-treated samples by monitoring the hardness and observing the microstructural evolution at different
treatment times through optical microscope observations and scanning electron microscopy analysis.
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Aluminium-based composites have been developed to meet the modern demand for light and energy-efficient
materials, thanks to their attractive properties. Laser powder-bed fusion (LPBF) is a metal additive manufacturing
(AM) method that selectively melts and fuses metal powder using a high-power density laser beam. Due to the
tremendous potential of Al-based composites in various sectors, such as the automotive industry, there has been a
global interest in studying their properties when coupled with the unmatched capabilities offered by LPBF. Studies
on the tribological behaviour of LPBF Al-based composites are, however, limited, despite their prospects in wear-
related automotive parts, e.g. cylinder blocks and pistons. Spark plasma sintering (SPS) is a relatively young solid-
state sintering technique that compacts powder materials at lower temperatures and shorter duration compared to
traditional methods. Given the enhanced tribological properties of SPS AI-WS, composites reported by previous
studies, investigations on the microstructure evolution and interfacial reactions between Al and WS, during
composite production are lacking. The present study used LPBF and SPS to fabricate samples from Al-WS,
composite powder. The process-structure-property relationship is presented and compared. The samples were
characterised for metallurgical and mechanical properties, including hardness mapping, and the effect of SPS and
LPBF processing parameters on the properties of the final parts are also studied in depth. This work reports enhanced
tribological behaviour for the samples produced using LPBF, which opens up new opportunities for this material-
process combination in the field of manufacture for green tribological applications.
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C.3. Thermomechanical processing and severe plastic deformation

ID 55 - Combining thermomechanical processing techniques for rejuvenation of bulk metallic
glasses
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Even for a single composition, bulk metallic glasses (BMGs) have access to a relatively wide range of structures and
properties [1]. There is particular interest in rejuvenation of BMGs to higher-energy states, as this improves their
toughness and plasticity. Among the different rejuvenation techniques used to alter the states of BMGs, techniques
exploiting strains within the elastic limit (e.g. elastostatic loading, cryogenic thermal cycling [2]) are of considerable
interest: they produce minimal shape change, are relatively easy to apply to a wide range of shapes and compositions,
and produce significant changes in properties, including toughness and plasticity. However, recent results highlight
the anelastic contributions involved in these processes, which may be relatively short lived [3]. In this work, we
combine thermomechanical processing for rejuvenation of BMGs to achieve properties not accessible by single
processing techniques and attempt to extend the lifetime of the rejuvenation effects. This work was supported by the
European Research Council under the European Union’s Horizon 2020 research and innovation programme under
the Marie Sktodowska-Curie grant agreement No. 861046 (BIOREMIA).

[1] Sun, Y., Concustell, A. & Greer, A. L. Thermomechanical processing of metallic glasses: Extending the range of
the glassy state. Nat. Rev. Mater. 1, 16039 (2016).

[2] Greer, A. L. & Sun, Y. H. Stored energy in metallic glasses due to strains within the elastic limit. Philos. Mag.
96, 1643-1663 (2016).

[3] Meylan, C. M. et al. Stimulation of shear-transformation zones in metallic glasses by cryogenic thermal cycling.
J. Non. Cryst. Solids 548, 120299 (2020).
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ID 173 - Friction stir welding FSW for AA 6061-t6 with tool without pin
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In this article an experimental study of FSW welding with a pinless tool on the 6061-T6 alloy for different parameters
is presented. The experimental results are examined by mechanical characterizations in order to judge the quality of
the welded joint of each parameter. The parametric study adopted in this part in order to compare the experimental
results is a key point to control the welding parameters involved. The studies devoted in this part are: the influence
of the welding parameters on the mechanical properties, the observation of the heat flux during welding, study of the
microhardness profile after welding for the various parameters.
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Incremental Equal Channel Angular Pressing (I-ECAP) is a continuous method, and its main advantage over
conventional ECAP is the ability to process continuous billets like bars, rods, or sheets. It was obtained by separating
feeding and deformation processing stages by using movable tools, which substantially reduces friction. The
arrangement and processing steps of tools for I.LECAP are shown in Fig. 1. An input channel is established by the
clamp pressed towards the die, which, together with the punch, defines the output channel. The plates are fed by the
pusher during punch withdrawal. The punch moves in a reciprocating manner at an appropriate angle.
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Fig. 1 Arrangement and processing steps of I-ECAP tools

I-ECAP is proposed as a method to produce copper rods with high strength and high electrical conductivity
through grain refinement. Pure copper is an excellent conductor of electricity, yet its mechanical strength
is limited, which hinders the applicability of this material as a structural component. The mechanical
strength of pure metals is usually enhanced by alloying, yet the addition of other elements results in a
significant drop in electric conductivity. The proposed alternative method makes it possible to achieve the
goal of hardening the material and preserving conductivity.

In this work, large copper rods were processed by I-ECAP up to 8 times. The processing resulted in
acquiring ultrafine-grained microstructure. The mechanical strength increased by around 60% in
comparison to the initial condition. The electrical conductivity was 81 %IACS in the initial condition and
after processing was almost identical as was equal to 82 %IACS. After annealing, it was possible to increase
conductivity to 94 %IACS without significant changes in the microstructure and mechanical properties.

This work was supported by the National Science Center of Poland [grant number 2017/27/N/ST8/01246].



C.7. Powder technologies

ID 31 - Advanced zinc-magnesium alloys prepared by mechanical alloying and spark plasma
sintering
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Biodegradable metals are considered for temporary substitutes or fixation devices of damaged body tissue. Zinc
alloys are proposed due to excellent biocompatibility and corrosion properties as a promising materials for
biodegradable devices (stents, screws etc.). Such materials needs to achieve excellent mechanical properties, which
are affected by composition or preparation techniques.

We have focused on the preparation of Zn-1Mg and Zn-6Mg alloys from pure powders by mechanical alloying (MA)
and compaction by spark plasma sintering (SPS). MA was selected to form fine-grained, homogeneous powders with
the possibility to form metastable phases. Selected powders were compacted by SPS, compaction method enabling
the consolidation by current flow with increased temperature and pressure, which prevents grain coarsening.

The microstructure and mechanical properties of prepared materials were studied. Results showed effect of
parameters of MA (rotation speed, time of MA, etc.) on process efficiency and powder phase composition. Desired
microstructure conditions including fine grains, intermetallic phases and the existence of solid solution of Mg in Zn
were observed for relatively short times (60 min) and high rotation speed (1200 RPM). Compaction by SPS have
preserved fine, homogeneous microstructure consisted of zinc matrix and intermetallic phases Mg2Znl11, MgZn2.
Size of grains and intermetallics achieved hundreds of nanometers which increased hardness and compressive yield
strength values up to 436 MPa for Zn-1Mg (574 MPa for Zn-6Mg). However, low plasticity was observed due to the
existence of brittle phases.

The authors would like to thank to the Czech Science Foundation (project no. 18-06110S) for the financial support.
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ID 194 - Development of NiAl intermetallic coatings from mechanically deposited nickel and
aluminum elemental powders
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NiAl intermetallic coatings are of great interest due to their high both strength and wear resistance retained up to high
temperatures. Among various methods capable of production of thick coatings, one may distinguish electrodeposition
and plasma spraying. Presently developed approach covers co-milling (up to 32 hrs. at 300 rev/ min ) of the Ni and
Al powders together with steel platelets (serving as substrates) in a planetary mill. The investigation was performed
using light, scanning and transmission electron microscopy (LM/SEM/TEM), as well as X-ray diffractometry
(XRD). They indicated that already after 4 h of milling the layer consisted of NiAl with a minor contribution of
AL:Ni. The surface of the steel platelets is roughened in a kind of shot-peeing process. Adhering to it are whole
particles of elemental powders followed by particles of welded together bands of still non-reacted elemental material.
The last layer is formed by NiAl particles formed during milling. Their high brittleness are the main reason behind
the suppressing of addition of a new material on the top of the coating. An in-situ TEM heating (20 K/min.) indicated
that after reaching ~350°C recovery processes start within the substrate and the defected crystallites of Al and Ni
localized at the interface. Only after reaching ~500°C the reaction between the last two phases starts adding more
NiAl and Al3Ni to that already present at the top of the coating. The excess of aluminum in the starting load of
elemental powders is crucial as it concerns obtaining a proper adhesion.
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Laser-Induced Forward Transfer (LIFT) has emerged as a direct nano- and micro-fabrication technology allowing
the digital printing of a large variety of materials for components with excellent form factors exhibiting flexible and
stretchable performance. Inks comprising metals like silver have been primarily employed with LIFT due to their
high conductivity and environmental stability [1], while copper, exhibiting high conductivity, can be an attractive
cost-effective candidate for solution processed metal nanoinks. In this work, we employ a high-speed imaging setup
coupled with a LIFT station in order to investigate the liquid jet’s propagation and process parameters. A
phenomenological analysis of the jet’s propagation is carried out using a non-Newtonian CuO NP ink, designed for
use with LIFT [2]. Morphological characterization confirmed that controllable printing of droplets is feasible from a
donor layer thickness set at 30 um and a donor-receiver gap distance set at 90um. In addition, printing of linear
patterns has been accomplished by scanning the laser beam over the donor surface with 0.55 m/s scanning speed.
Finally, laser sintering was applied to the linear printed patterns on glass substrates in order to investigate the
conductivity of these patterns in ambient atmospheric conditions.
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Figure 1: a) [llustration of the LIFT setup, coupled with a high-speed imaging setup; b) CuO NP ink jet’s propagation during LIFT printing
process; ¢) Microscope image of the printed droplets at different laser fuences.
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The polysaccharide cellulose is next to chitin the most abundant biopolymer on earth and is considered an almost
inexhaustible source of raw material for the increasing demand of environmentally friendly and biocompatible
products.[1,2] We recently synthesized a bio-based photoresist, where a photo-reactive cellulose-derivative is
dissolved in an organic solvent together with a photoinitiator.

This novel photoresist is curable by two-photon absorption at 780 nm in a direct laser writing (DLW) system
(Nanoscribe Photonic Professional GT). With this setup, two-dimensional architectures with a linewidth of less than
250 nm and a minimum line distance of 500 nm are achieved. Our bio-based photoresist allows three-dimensional
structuring of cellulose on the pm scale via DLW.[3] Curing of our cellulose derivative is generally possible in liquid
and solid state via two-photon absorption.

In contrast to common photoresists, which are based on polymers sourced from mineral oil, our approach conserves
resources through replacing those polymers by sustainable materials such as polysaccharides. The presented research
includes the functionalization of cellulose to enable photo-crosslinking for generating biopolymer-based hierarchical
architectures. This chemical modification is a prerequisite for the fabrication of two- and three-dimensional structures
by DLW

Moreover, this polysaccharide-based photoresist enables manufacturing of biomimetic architectures, which consist
entirely of a natural bulking material. Additionally, this cellulosic photoresist is curable via one-photon absorption
with a UV-lamp (365 nm) in liquid as well as in dried state. Our resist opens up a new class of photo-curable polymers
based on sustainable and renewable materials.
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17-4PH is a precipitation hardening stainless steel widely used as an engineering structural material in different
industrial sectors, such as aerospace, chemical and biomedical fields due to its ease of fabrication, high strength and
elevated corrosion resistance. The peculiar properties of this steel are promoted by both the reinforcement induced
by the precipitation of submicron-sized secondary phases occurring during the ageing treatment and its low carbon
content. Nowadays, additive manufacturing has gained much attention and, among others, the Direct Energy
Deposition technology (DED) is a promising process. The DED technique consists of the deposition of laser melted
powders and it is increasingly used to manufacture or repair complex mechanical parts.

In the present investigation 17-4 PH powders were used as a feedstock to perform single-track depositions over an
AISI 316L plate employing different process parameters such as laser power, scanning speed and powder feed rate.
Some geometrical features of the tracks were preliminary studied. Microstructural investigations were carried by
means of optical microscopy (OM), scanning electron microscopy (SEM) and X-ray diffraction (XRD) to deeply
investigate the metallurgical characteristics of the joints. Different dilutions were measured according to the process
parameters, finding that these conditions affect not only the porosity content but also the evolution of phases along
the cross section of the track. Besides that, it was observed an effect of a precipitation hardening treatment performed
for a 17-4PH material, from which different hardness and microstructure were detected before and after the heat
treatment.
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17-4PH, DED, microstructure, porosity, geometrical analysis
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ID 114 - Evaluation of softening resistance of DED tool steels at elevated temperatures
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Introduction

As a manufacturing method of materials, Direct Energy Deposition using Laser beam (L-DED has the advantage in
the modification of surface property [1]. It can be used for the repair and manufacturing of multilayer coatings [2].
In this work, for the purpose of hard-facing, two different tool steels were deposited on a hot work tool steel and the
softening resistance was evaluated.

Method

Uddeholm V4E (a cold work tool steel) and Uddeholm AGDA (a unique boron tool steel) with multilayers were
cladded on the base material (Uddeholm Dievar, a hot work tool steel) by means of L-DED. The cladded steels were
tempered to obtain the highest hardness. Subsequently, the tempered steels were softened by the treatments at 550
°C and 600 °C for 100 h. The softening resistance of the cladded materials was evaluated by hardness measurement.
Microstructure was characteristic by means of SEM and XRD.

Results

The hardness evolution was depicted for the investigated steels with varied softening temperatures. Moreover, the
corresponding microstructure was revealed to explain the hardness change. The correlation between microstructure
and mechanical propertiy will be discussed for each steel.
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Fused Filament Fabrication (FFF) is a very versatile technology for manufacturing complex components made of
polymers, fiber-reinforced systems, metals and ceramics. Highly-filled filaments composed of a high-volume content
of sinterable powders and a binder system are needed to produce metal parts. After the first shaping and printing step,
the binder system is removed through catalytic and thermal debinding. Then, the specimens are sintered to obtain
dense parts with higher mechanical properties. FFF is free from thermal dissipation and energetic issues caused by
high reflectivity and conductivity of copper, which others AM techniques such as selective laser melting (SLM)
suffered.

In this work the applicability of Fused Filament Fabrication AM technique to produce pure copper parts is
demonstrated. The aim of this research is to provide a preliminary characterisation of the FFF process using
Markforged equipment and process parameters with a commercially available highly-filled copper filament to
produce copper components with different geometries. Microstructural characterization of the metal-polymer
filament, as-printed green parts, washed brown parts and final sintered parts was provided. In addition, the relative
density of the final pure copper parts was evaluated, as well as their dimensional accuracy after the shrinkage inherent
to the sintering process. The mechanical behaviour of sintered parts was assessed through tensile, hardness and impact
toughness characterization. Finally, the thermal and electrical conductivities of final pure copper components were
measured and compared with wrought copper and published results of other AM technologies.

Moreover, this work studies for the first time the feasibility of Concentrated Solar Energy (CSE) application in the
copper sintering stage. CSE is one of the most promising clean and renewable energy resources, non-polluting and
highly efficient for high temperature materials processing. Cylindrical parts were printed using Markforged 3D
printer and the sintering stage was carried out by a low-cost solar installation, Fresnel lens. Solar-sintered pure copper
parts were evaluated and compared with copper specimens manufactured following the complete Markforged fused
filament fabrication technique.
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The use of different 3D printing technologies for pharmaceutical manufacturing provides new opportunities for
personalized medicine and custom tailor-made pharmaceutical products with adjusted doses in various shapes and
structures. In this work, we demonstrate a novel manufacturing method of printing personalized dosage forms of
liquid-phase active substances (i.e. paclitaxel) onto edible wafer papers as orodispersible thin films, for more
prolonged drug release and long-term effectiveness, targeting diseases such as types of cancer. Laser-Induced
Forward Transfer (LIFT), a direct and non-contact laser printing technique, can be used to laser transfer paclitaxel
molecules on various surfaces (e.g. edible wafer paper) that could be used as depot formulations. LIFT has been
successfully applied in the nanosecond regime for the controlled transfer of paclitaxel solution onto the receiving
substrates. Quantification studies of printed paclitaxel amount were determined by means of liquid chromatography—
mass spectrometry (LC-MS/MS) analytical technique. Furthermore, initial studies were performed where the printed
paclitaxel wafer papers were used as orodispersible films (ODFs) on mice for oral mucosal drug delivery application,
revealing encouraging results.
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Abstract: The Box Behnken design was applied to optimize the laser-based powder bed fusion process parameters
for the H13 tool steel. Thirty-nine samples were produced (3° with triplicate). Both porosity and Archimedes density
were chosen as a response. The porosity values of those samples varied between 7.85% and 0.12%. The optimal
parameters determined through the response surface analysis were: laser power = 212 W; hatch distance = 95 um,;
scan speed = 580 mm/s. The optimal parameters led to an experimental porosity value of 0.09 £+ 0.03%. Similarly,
the initial density values were between 7.161 and 7.658 g/cm?. After manufacturing with the optimal parameters, this
value increased to 7.688 + 0.006 g/cm?. The box-Behnken model allowed the optimization to be done faster and at a
lower cost than other designs of experiments.

Keywords: AISI H13, laser-based powder bed fusion, Box-Behnken.
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Fig. 1 - Density and porosity curves as a function of cnergy density.

Fig. 2 - Porosity response surface.
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Additive Manufacturing (AM) processes such as Direct Energy Deposition (DED) or Selective Laser Melting leave
powder residues that cannot be reused due to the increase in oxygen and the changes in particle shape and size [1].
The idea of reusing these powder residues can create a sustainable production, adding value to these scrap materials.
These powders can be mixed with reinforcements, as composite powders, to produce hard claddings or metal matrix
composite structures through AM processes. The application of DED seems feasible since the carrying gas can
influence the effect of powder characteristics such as powder shape and size [2].

This study investigates the printability of a reused Inconel 625 powder without and with Alumina particles (average
size of 10 um) through DED process. A mixture of 10 wt.% alumina was prepared through ball mill shaking process
for 9 hours. Parametrization of these powders was proceeded by printing different lines on an AISI 4140 substrate,
considering laser power, scanning speed and powder feeding rate. This methodology ensures achieving an optimized
bead geometry and dilution. Analyses involved visual observations and metallography. Then, 20x20 mm? planes of
IN625 with and without alumina (one and three layers) were produced by printing lines continuously with an
overlapping of 35 %, applying offset-in strategy between subsequent planes. Evaluations on polished cross-sections
included porosity, distribution of alumina particles, dendrite and grain structure, phase evolution, the state of
substrate-deposition interface and heat affected zone, and microhardness measurements. Microscopic observations
involved optical and scanning electron microscopies.

[1] Renderos, M., et al. (2017). "Microstructure characterization of recycled IN718 powder and resulting laser clad
material." Materials Characterization 134: 103-113.
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DIN CK45". The 25th International Conference on Material Forming, Braga, Portugal.
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UIDB/50022/2020 and UIDP/50022/2020 project.
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DEMOnstrative power plant (DEMO) is a proposed fusion reactor design that will act as a successor to the
International Thermonuclear Energy Reactor (ITER), which will explore the feasibility of fusion as a sustainable
energy source on a more practical and commercial basis. The joining of dissimilar materials is necessary from a
design perspective in many DEMO components which comes with the consequences of induced residual stresses
from incompatible strain fields arising due to high temperature joining techniques. Such stresses can hugely influence
the mechanical properties, service life and performance of components. More importantly, residual stresses that are
tensile in nature are contributors to stress corrosion cracking and reduce the fatigue life of materials. Hence, being
able to accurately measure and assess the impact of these stresses is essential to the assessment of various design
components in DEMO.

The sample considered in this project was an as-cast Tungsten-Copper (W/Cu) dissimilar joint proposed as one of
the design configurations for the cooling system of the divertor component within the fusion reactor. The time-of-
flight neutron Bragg-edge imaging (ToF-NBEI) technique offers the ability to map bulk residual strains across an
entire sample, non-destructively [1]. In this work, the ToF-NBEI experiment was conducted on the IMAT beamline
in the UK and 2D macrostrain maps were obtained. Adjacent to the W/Cu interface, a significant tensile residual
strain was observed. The results are complimented with further microstructural and texture analysis to provide a
complete understanding of the residual stress profile obtained.
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Currently, magnesium and its alloys are intensively studied in many industrial fields, especially in the automotive
and aerospace industries, due to their low density and high strength-to-weight ratio. Much attention has been paid to
interfacial phenomena occurring in the high-temperature liquid-assisted processing and operation of such materials
[1-2]. However, due to the high reactivity of magnesium and magnesium-based materials with air components
(especially at elevated temperatures), as well as the high vapor pressure of Mg at temperatures near (or above) the
melting point of Mg, the thermophysical and physicochemical properties of liquid Mg and its alloys are not fully
understood. This information is of practical importance for the proper selection of refractory materials for melting
and casting Mg alloys, as well as for reliable measurements of their thermophysical properties by container-assisted
methods [3].

In the present work, we focus on studying the high-temperature interaction of liquid Mg in contact with pure tungsten
substrate. High-temperature wettability studies were performed in a protective atmosphere (Ar 99.999% or Ar-
5%H2) at a temperature of 700 °C using the sessile drop method. To avoid the effect of native oxide film on Mg drop
on contact angle measurements, the non-contact heating of examined couple of materials to the test temperature was
combined with in situ cleaning of Mg drop directly in a high-temperature chamber using capillary purification
procedure [3]. For this, an Mg sample was placed in a graphite capillary above a W substrate and after reaching the
test temperature, the Mg drop was mechanically squeezed from the capillary and deposited on the substrate [1,3].
The images of the drop/substrate couple were recorded with two high-resolution high-speed digital cameras from
two directions of observation. These images were used for measurements of the contact angle values (6) formed
between the liquid metal and the tungsten substrate. After wettability studies, the samples were subjected to detailed
microstructural observations by OM, SEM, and EDS analysis.

Under conditions of this study, liquid Mg showed non-wetting (6>90°) behavior and a lack of permanent bonding
between liquid Mg on W substrates caused by the non-reactive character of Mg-W system, because W has negligible
solubility in liquid Mg and it does not form any compounds with W.

[1] M. Godzierz, A. Olszowka-Myalska, N. Sobczak, R. Nowak, P. Wrzesniowski, Bonding effect of liquid
magnesium with open-celled carbon foam in interpenetrating phase composite, Journal of Magnesium and Alloys
9(1), (2021), 156-165.

[2] A.C. Vyas, V.S. Ayar, M.P. Sutaria, Investigation on reactive wetting during investment casting of magnesium
alloy AZ91, Materials Today: Proceedings (2020) doi:10.1016/j.matpr.2020.02.521

[3] N. Sobczak, M. Singh, R. Asthana, High-temperature wettability measurements in ceramic-metal systems — some
methodological issues, Current Opinion in Solid State & Materials Science, 9 (2005) 241-253.
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Information on the interaction of liquid magnesium and its alloys with different refractory materials is of practical
importance in many liquid-assisted processing of Mg-based components.

In this study, high-temperature sessile-drop wettability tests were conducted with pure Mg on three types of cast iron
substrates (Fe-C alloys with different morphology, quantity, and distribution of the graphite phase). The tests were
performed at a temperature of 700°C in a protective atmosphere (Ar 99.999%) using two testing procedures, i.e. (1)
classical contact heating of Mg/substrate couples to the test temperature and (2) non-contact heating combined with
capillary purification of Mg drop from a native oxide film directly at the test temperature in an experimental chamber
by squeezing the drop from a graphite capillary placed above a cast iron substrate.

The high-temperature behavior of Mg/substrate couples was recorded with a high-resolution, high-speed CCD
camera and collected images were used for measurements of the contact angle values formed between the liquid Mg
and selected substrates. The solidified Mg/substrate couples were subjected to detailed microstructural observations
by light microscopy (LM), scanning electron microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDS).
The results obtained are discussed in terms of the role of primary oxide films on both the Mg and Fe-C specimens on
wetting behavior and the spreading of liquid Mg over selected substrates. It involves high-temperature capillarity and
the methodological issues favoring the capillary purification method vs the classical sessile drop method combined
with the contact heating, thus resulting in significant improvement of wetting and fast-spreading when non-oxidized
Mg contacts with non-oxidized Fe-C substrate.

LM, SEM and EDS analysis used for structure and chemistry characterization of interfaces in Mg/substrate couples
revealed the effects of morphology, quantity, and distribution of the graphite phase in cast iron alloys used in this
study on the wetting behavior of liquid Mg and its bonding with selected substrates.

Acknowledgment
This research was financially supported by the National Science Centre of Poland in a frame of the OPUS 16 program,
Project no. 2018/31/B/ST8/01172 in the years 2019-2022.



ID 220 - High-Speed Sinter-Bonding by in situ Reduction of Oxalate Skins on Cu Particles in
Reducing Formulation

Jong-Hyun Lee*, Doyeop Namgoong

Department of Material Science and Engineering, Seoul National University of Science and Technology, 232 Gongneung-ro,
Nowon-Gu, Seoul 01811, Republic of Korea

*plih@snut.ac.kr

As wide-band-gap semiconductor power modules, requiring high-temperature operation, emerge in plug-in electric
vehicle industry, sinter-bonding pastes have been widely developed to replace solder material in die attachment.
Although application of Cu filler is cost-effective, compared to Ag, Cu easily oxidizes in air and the degree
accelerates with increasing bonding temperature. The oxidation on Cu surfaces eventually presents poor sinter-
bondability by interrupting the paths of atom diffusion for sintering. In this study, bimodal-sized Cu particles were
surface-treated with oxalic acid and a novel sinter-bonding paste were suggested by mixing the particles with a glycol-
based reducing solvent. The surface-treated Cu particles exhibited a distinctive surface morphology through forming
oxalate ligands on the surfaces of Cu particles, which was confirmed by Fourier-transform infrared spectroscopy.
The copper oxalate layer decomposed during the heating to 300 ° C, which was clearly verified by thermogravimetry-
differential thermal analysis and X-ray photoelectron spectroscopy. The bimodal Cu paste was printed a Cu-finished
substrate, and a Cu-finished die was attached at 300 °C in air by sinter-bonding under compression pressure of 2
MPa. Consequently, only 1 and 3 min sinter-bondings presented the sufficient shear strength of 20.82 and 25.28 MPa,
respectively. Furthermore, the 3 min bonded bondline was observed as the near-full-density microstructure
containing homogeneously distributed tiny voids. The fast sinter-bonding speed was attributed to oxidation
suppression and effective Cu surface reduction by the double effect of the oxalate layers and reducing solvent. The
characteristics of suggested Cu paste showed the feasibility of application to a semi-continuous die-attachment
process using a conveyor belt.



D.1. Advanced techniques with focused beams

ID 50 - Effect of thermal treatment on the atomic structure and dynamics of PANiP metallic glass

Olivia Vaerst, Katharina Spangenberg, Martin Peterlechner, Gerhard Wilde
Institute of Materials Physics, University of Miinster, Miinster, Germany

In the present work, the impact of thermal treatment on the atomic structure of the well-known bulk metallic
glass (BMG) Pd4oNisoP20 (at.%) is investigated via transmission electron microscopy (TEM) methods. Compared to
other metallic glasses, PANiP offers high kinetic stability and superior mechanical properties, which depend on
composition and thermo-mechanical pre-treatments. However, not much is known about the effect of thermal
treatment on the atomic structure and related dynamics.

The amorphous bulk material is produced via induction melting and copper-mold casting (Fig. 1). The correct
composition and amorphous structure are confirmed by X-ray diffraction (XRD), differential scanning
calorimetry (DSC) and energy-dispersive X-ray spectroscopy (EDX). Subsequent thermal processing routines are
performed, which consist of heating routines and sample relaxations well below the glass transition temperature of
around 576 K. The impact of thermal treatment on the structure and dynamics of amorphous PdANiP is further
examined using TEM analysis methods, including electron correlation microscopy (ECM) at room temperature. ECM
is based on analyzing a time series of dark-field TEM images to study local dynamics in a material [1]. This allows
investigating the atomic structure of thermally treated PANiP samples in comparison with a defined reference state,
which gives further insights into the properties and the behavior of the amorphous phase.

®

558 K

558 K + heating

Figure 1: Schematic approach of sample preparation by copper-mold casting, thermal treatment, and investigation of the atomic structure and
dynamics of amorphous PdNiP via TEM.

[1] K. Spangenberg et al., Adv. Funct. Mater. 2021, 31, 2103742.

Funding by DFG is acknowledged.

Presenting author: Olivia Vaerst, Institute of Materials Physics, Wilhelm-Klemm-Str. 10, 48149 Miinster,
e-mail: ovaerst@wwu.de
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ID 97 - De Havilland Goblin: seeking materials, processes, and current state of an engineering
breakthrough

C. Diogo Motal*, Abel V. Almeidal, Anténio Valel, F.M.S. Baptistal, F. Mota Freitas1, H. Queirosl,
Mafalda Valentel, M. Pais Sampaiol, M. Silva3, S. Medina2,3, E.W. Sequeiros1,4

1. Departamento de Engenharia Metalurgica e de Materiais, Faculdade de Engenharia da Universidade do Porto
2. FEUPMuseu, Faculdade de Engenharia da Universidade do Porto

3. Servigos de Documentagdo e Informagdo, Faculdade de Engenharia da Universidade do Porto

4. LAETA/INEGI, Institute of Science and Innovation in Mechanical and Industrial Engineering, Porto, Portugal
* (presenting author) carlosdiogomota@hotmail.com, +351 936157474

The de Havilland Goblin, conceived in 1941 by Frank Halford, was the primary engine used in the iconic de
Havilland Vampire. The model currently under study is the de Havilland Goblin 35 engine N°9284. The engine
belonged to the Portuguese Air Force, incorporating a jet with a teaching and training purpose. FEUP later acquired
the engine, and it is now an icon of the Mechanical Engineering Department. It has been part of the FEUP Museum
collection since 2004.

The study of the de Havilland Goblin engine aims to contribute to showcasing an important historical aviation
component for the scientific community. This study focuses on gathering information about the materials used and
their current state of conservation.

The aim of this study is to analyse the different parts of the engine using a set of non-destructive tests (NDTSs),
considering its preservation. NDTs will provide information about the materials (alloys and coatings) used and their
chemical composition. Furthermore, minimal damage sampling is required for more specific testing: mechanical and
microstructural analysis by OM, SEM/EDS, and hardness tests. The results made it possible to correlate the historical
data of the engine with evidence on materials and processing techniques used at that time. The results also contributed
to further knowledge about the engine, such as its working conditions and post discharge life.

Regarding the engine’s historical value, all knowledge obtained has a social and technical impact on the community.
Guaranteeing its preservation, integration and proper exhibition is also a crucial part of this study.
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D.2. Characterization of nanomaterials

ID 187 - Experimental and theoretical study of aluminosilicate gel

Marko Rukavina!, Vladimir Danani¢', Marijana Serdar?, Vilko Mandi¢!
! Faculty of Chemical Engineering and Technology, University of Zagreb, Croatia
2 Faculty of Civil Engineering, University of Zagreb, Croatia

A group of inorganic networks, more descriptively named geopolymers are materials on the verge between ceramics
and polymers, are commonly produced using reaction of aluminosilicate rich powders such as metakaolin or fly ash
type F and sodium metasilicate. Despite geopolymers can be synthesized in a broad compositional range, they
typically follow NayO : ALOs : SiO> =1 : 1 : 4 stoichiometry. This was also the case for this study where highly
reactive commercial metakaolin (HRM) (Metamax, BASF) was used as precursor for preparing of geopolymeric gel,
under different curing conditions. This type of metakaolin is advantageous due to its purity and ability to yield
geopolymeric gel at room temperature. The experimentally obtained IR spectra of geopolymer gel was compared with
quantum chemical calculations for hydrated aluminosilicate structure known as not fully polymerized geopolymer
structure. It is presumed that a fully geopolymerized structure does not have terminal —OH groups, i.e. that all Si and
Al atoms are bridged by oxygen. Modelling by Gaussian of such complex structure is difficult. Therefore,
aluminosilicate structures containing a certain amount of terminal —OH groups were used for theoretical quantum-
chemical considerations. Such structures are called hydrated aluminosilicate gels. Quantum chemical calculations of
hydrated aluminosilicate gel were obtained in Gaussian 09 using Density Functional Theory (DFT) with B3LYP
functional. The aim of this study is to gain deeper knowledge about geopolymerization process via correlating the
experimental and theoretical results of the aforementioned aluminosilicate material networks.
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Figure 1. Simplified schematic representation of geopolymerization with terminal hydroxyl groups; (1) sialate formation, (2) disiloxo formation
and (3) sialate-disiloxo formation.
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ID 234 - Airborne microplastics: surface chemistry and cloud-crystallization properties

Andreea-Georgia Predila
University College London, Gower Street, London, WC1EG6BT, United Kingdom

The amount of micro and sub-micro sized plastic particles polluting the environment is increasing because of human
activity. It has been shown that microplastics have an adverse effect on the environment, but little is known about
their influence on the formation of ice in clouds. Moreover, our theoretical understanding behind the phenomenon
of ice formation is fairly poor. As a result, models cannot be used accurately to predict whether a substrate will
promote the formation of an ice nucleus within a body of liquid water. Therefore, experimental investigations are
needed to assess whether a plastic species will promote the formation of ice crystals in clouds. In this study,
microplastics were synthesized using cryogenic ball milling and separated in size by sieving. Their sizes and surface
functionalities were investigated using XPS, optical microscopy, and IR spectroscopy. The ice nucleating properties
of the laboratory made microplastics were investigated by performing droplet freezing experiments with suspensions
of the plastic samples in ultrapure water. For this the IceBox, a novel open droplet system, was used to cool
suspension droplets with a constant rate in an atmosphere with controlled humidity. Our results show that
microplastics have a notable effect on the temperature of freezing of the droplets. This research will be of importance
to both the field of atmospheric science and ice physics.

University College London, Gower Street, London, WC1E6BT, United Kingdom
georgia.predila.17@ucl.ac.uk
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D.3. Micro- and Nano-mechanics and modelling

ID 118 - Effects on Liquid Metal Environment on Slip Band Morphology of 316L. Austenitic
Stainless Steel

Fitriani C.A."?, Gavrilov S.!, Verbeken K.2
1Belgian Nuclear Research Centre, SCK*CEN, Mol, Belgium
2Research group Sustainable Materials Science, Ghent University, Ghent, Belgium

In the development of Generation IV nuclear reactor, it is essential to understand the interaction between corrosive
coolant such as molten salts or lead alloys with structural materials [1]. As one of the candidate materials for
Generation IV reactor, 316L so far does not show any evidences on susceptibility to liquid metal embrittlement in
contact with liquid lead-bismuth eutectic (LBE), one of the coolant candidates. However, there are evidences that
LBE might influence plastic deformation of austenitic stainless steels even not being the embrittling factor.
Understanding of the mechanisms of the interaction between liquid lead alloys and steels are necessary for the
justification of the assessments on potential materials degradation effects.

In one of the mechanisms proposed to explain liquid metal embrittlement (LME), adsorption of liquid metal atoms
eases the nucleation of dislocations [2]. This interaction may manifest as changes in the surface morphology of the
sample since surface is where the interaction between environment and material starts to happen.

In this study, we investigated the effect of LBE on the slip morphology and near-surface deformation of 316L. We
use uniaxial loading in slow strain rate tests (SSRT) to obtain materials with a specified deformation state. The surface
morphology were investigated with scanning electron microscopy (SEM). In addition to that, in this work we tried
to assess the use of quantitative SEM image analysis in assessing slip morphology such as slip band spacing. The
assessment was carried out by comparing the results with a more advanced technique such as atom force microscopy
(AFM).

Reference:

1. Aiello, A., et al., Corrosion behaviour of stainless steels in flowing LBE at low and high oxygen
concentration. Journal of Nuclear Materials, 2004. 335(2): p. 169-173.

2. Joseph, B., M. Picat, and F. Barbier, Liquid metal embrittlement: A state-of-the-art appraisal. European
Physical Journal-Applied Physics, 1999. 5(1): p. 19-31.

Presenting author: Cholidah Akbar Fitriani (Cholidah.akbar.fitriani@sckcen.be)
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ID 130 - Modelling the effects of texture on the stress and strain localization during bending of
aluminium alloy sheet

Laura Gonzalez Duque, Joseph Robson, Jodo Quinta da Fonseca
University of Manchester, Henry Royce Institute Hub Building, Manchester M13 9PL

When aluminium alloy sheets are bended, early failure can occur at grain boundaries on the surface deformed in
tension. The cause of this failure is still unknown, but it has been observed that different textures lead to different
propensities to failure. In this project, crystal plasticity modelling (CPM) is used to relate texture to bending failure,
focusing on the effect of texture on stress and strain localisation, which is suspected to cause crack nucleation. The
workflow uses the DAMASK modelling framework to model crystal plasticity, the MATFLOW package “formable”
for parameter fitting, and MTEX for texture calculations. The inputs are textures measured with Electron Backscatter
Diffraction (EBSD) and experimental tensile test curves. Uniaxial and plane strain tension load-cases, both to 15%
strain, were applied to a Representative Volume Element (RVE) to simulate tension in pre-stretching and bending of
three different textured samples. The stress and strain tensors at every point of the RVE were extracted and visualised
using Paraview. Non-uniform stress and strain distributions were found, and the plane strain tension load-case
reached higher stresses and strains. However, small differences were found between three different textured samples
at these low strain levels. Nonetheless, these results are the starting point to develop a model capable of predicting
the effects of microstructure on failure in bending. Future work will extend the simulations to larger, more
representative strains. Grain shape, texture gradients, voids and hard particles, which could also have a strong
influence in the initialisation of cracks, will be considered later on.
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Figure: Representative volume element with 500 grains and 100° grid size, showing (a) the microstructure and (b) the stress and (c) strain
distributions after simulating uniaxial tension along X to a target strain of 0.15.
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technical discussions and support, in particular Adam Plowman and Michael White for their help with the modelling
work.
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D.4. Atomic scale modelling of advanced materials

ID 175 - DFT simulations of the behaviour of aggregates of light impurity atoms in a tungsten
interface

Jorge Suarez-Reciol,2,*, Dario Fernandez-Pello1, Maria Angeles Cerdeiral, Raquel Gonzalez-Arrabal 2,
César Gonzalez 3,4, Roberto Iglesias] *

1Departamento de Fisica, Universidad de Oviedo, E-33007 Oviedo, Spain

2Instituto de Fusion Nuclear, Departamento de Ingenieria Energética, Universidad Politécnica de Madrid, E -28006 Madrid,
Spain

3Departamento de Fisica de Materiales, Universidad Complutense de Madrid, E-28040 Madrid, Spain

4Instituto de Magnetismo Aplicado UCM-ADIF, E-28230 Madrid, Spain

* Corresponding author: j.srecio@upm.es

Nanostructured materials with multiple grain boundaries showing diverse orientations have shown a great ability to
reduce the damage that will be produced by irradiation in a future nuclear fusion reactor [1, 2], being nanostructured
tungsten a especially prominent candidate material [3]. Among the diversity of deleterious effects produced by the
impact of high energetic particles on first wall or plasma facing materials, the formation and aggregation of vacancies
and interstitials and the ubiquitous presence of hydrogen and helium that would eventually end up in bubble
formation, in obvious detriment of the performance and operational life of such structural materials, play a major
role. To assess the above issues, DFT simulations focused on an energetic, structural and mobility analysis of the
effects due to the simultaneous presence of intrinsic (vacancy, self-interstitial atom, SIA) and extrinsic (light impurity
atoms, LIA) point defects ina W110/112 grain boundary (GB), appearing as a consequence of the impinging radiation
in a fusion environment, have been performed. The aim is to shed light on the experimental controversy about the
reduced/suppressed blistering caused by He [4], whereby nanobubble formation near surfaces leads to reduced H
retention [5].

[1] L. Beyerlein et al, Prog. Mater. Sci. 74 (2015) 125.

[2] X. Zhang, et al, Prog. Mater. Sci. 96 (2018) 217.

[3] R. Gonzalez-Arrabal et al, J. Nucl. Mater. 453 (2014) 287.
[4] Y. Ueda, et al, J. Nucl. Mater. 386 (2009) 725.

[5] M. Miyamoto, et al, J. Nucl. Mater. 463 (2015) 333.



ID 182 - First principle study of Co-catalyzed MgH?2 for CO: capture and conversion

Sara Rozas Azcona!, Santiago Aparicio Martinez' and Mert Atilhan?
!Department of Chemistry, University of Burgos, 09001 Burgos, Spain
’Department of Chemical and Paper Engineering, Western Michigan University, Kalamazoo MI 49008-5462, USA

Magnesium hydride and cobalt catalyzed magnesium hydride systems were studied from an atomistic point of view
for the purpose of understanding the interaction mechanism with carbon dioxide and hydrogen pure gases using first
principle calculations. In a previous work, carbon dioxide reduction and conversion to methane process employing
MgH> was achieved experimentally showing great cobalt catalytic activity [1]. Hence, plane-wave periodic density
functional theory was applied to comprehend the intermolecular short-range interactions between carbon dioxide and
the catalyzed and non-catalyzed hydride. Large affinity of CO, gas molecules with the hydride material was
demonstrated according to the interaction energies, adsorption distances and further material properties, thus,
confirming the carbon dioxide capture process. When introducing cobalt atoms to the simulated hydride as catalyzer,
suitable carbon dioxide capture performance was demonstrated. Hydrogen molecules were also considered on the
capture means for a theoretical approach in the methane formation proving the CO; conversion to methane from a
theoretical point of view.

[1] G. Amica, S. Rozas Azcona, S. Aparicio, F. C. Gennari, Catalysis effect on CO2 methanation using MgH?2 as a
portable hydrogen medium, Phys. Chem. Chem. Phys., 22 (2020), pp. 14720-14730

Sara Rozas Azcona: Department of Chemistry, University of Burgos, 09001 Burgos, Spain.
srozas@ubu.es, +34657093810
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D.5. Multiscale and multiphysics modelling of materials

ID 34 - Multiscale modeling of dendritic solidification with convective transport in the melt

T. Isensee a,b,*, D. Tourret a
a IMDEA Materials Institute, Calle Eric Kandel 2, 28906 Getafe, Madrid, Spain.
b Polytechnic University of Madrid, 28040 Madrid, Spain

Metals and alloys exhibit complex solidification microstructures, such as dendrites, which arise from a subtle
interplay between phenomena on different scales: from atom attachment kinetics to macroscopic heat and species
transport. Hence, solidification modeling techniques require the bridging of a wide range of length and time scales.
Resulting computational challenges are even more dire in the presence of inevitable buoyancy-induced fluid flow in
the liquid phase.

The Dendritic Needle Network (DNN) model was designed to overcome the scale limitations of phase-field (PF)
models and quantitatively predict dendritic crystal growth in undercooled binary alloys. We recently extended the
isothermal formulation of the DNN model with convective flow in three dimensions [1]. The morphology of equiaxed
dendrites in a forced flow differs substantially from the case of a purely diffusive regime and from similar two-
dimensional simulations.

Here, we present an extended study of the effect of the dendritic crystal orientation with respect to the flow direction.
The current study provides a broader insight into the effect of fluid flow on the morphological selection of equiaxed
dendritic grains, hence paving the way to computationally-efficient simulations of dendritic growth at scales and
conditions relevant to experimental solidification processes.

[1] T. Isensee, D. Tourret, Three-dimensional needle network model for dendritic growth with fluid flow, IOP Conf.
Ser. 861 (2020) 012049.

This investigation is supported by the Spanish Ministry of Science through a Ramon y Cajal Fellowship (Ref.
RYC2019-028233-1).

* Presenting author: thomas.isensee@imdea.org
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ID 36 - A GPU-Parallelized Julia Implementation of a Phase Field Model

Jos¢ Mancias1,2, Damien Tourretl, Raymundo Arroyave?2
1IMDEA Materiales, Madrid, Spain
2Materials Science & Engineering, Texas A&M University, Texas, USA

An implementation of the Nucleation Benchmark developed by the Center for Hierarchical Materials Design
(CHiMaD) [1] is written in the Julia programming language [2]. The nucleation benchmark describes both
heterogeneous nucleation and homogeneous nucleation. In the homogeneous nucleation case, Johnson-Mehl-
Avrami-Kolmogorov (JMAK) theory is used to quantify the rate of phase transformation. Beyond what is specified
in the benchmark, statistical results have been gathered to show the distribution of Avrami slopes described by IMAK
theory. The problems in the benchmark were expanded to three dimensions. In certain cases, these 3D results matched
the theoretical Avrami slopes. In the cases that the theoretical Avrami slopes are not matching the results, a study of
how the local curvature affects the rate of seed growth was performed. Finally, a scaling study shows the influence
of using multiple GPUs on the Julia-coded phase field model.

Portions of this research were conducted with the advanced computing resources provided by Texas A&M High
Performance Research Computing.

[1] W. Wu et al. “Phase field benchmark problems for nucleation”. Computational Materials Science 193 (June 2021),
p. 110371. doi:10 . 1016/ j .commatsci.2021.110371

[2] Jeff Bezanson et al. “Julia: A Fast Dynamic Language for Technical Computing”. arXiv:1209.5145 (Sept. 23,
2012). arXiv:1209.5145.
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ID 102 - Through Process Modelling of Sustainable Aluminium

Kwan Hin Kan, Prof. Joseph Robson, Dr. Mike Clinch
Henry Royce Institute Hub Building, Manchester M13 9PL

Through process modelling (TPM) can assist in optimizing the thermomechanical processing of rolled aluminium
plates and sheets by minimizing trial-and-error experiments. TPM can also accelerate the introduction of new alloys
or alloys with high recycled content. A key component of a TPM for aluminium rolling is the prediction of the
deformation and recrystallization behaviour. However, deformation and recrystallization are strongly affected by
local heterogeneities in aluminium (e.g. second phase particles), especially for recycled alloys with high impurity
content. To capture the effects of these heterogeneities, a full field crystal plasticity (CP) model has been used,
enabling local strain distribution to be predicted. This model has been applied to particle containing alloys to study
the effect of changing distribution of constituent particles, consistent with increased recycled content. The predicted
local strain distribution from the CP model is used to initialize a full field recrystallization model. However, the
disadvantage of full field modelling is the intense computational requirements, leading to long-run times which is
undesirable in industry. To this end, strategies for extracting critical information from the CP model for input into
fast running semi-empirical recrystallization models are examined.

The authors gratefully acknowledge the EPSRC (Engineering and Physical Sciences Research Council, UK) and SFI
(Science Foundation Ireland) for their financial support. The authors also acknowledge Innoval Technology Ltd. for
sponsoring the project.

Address: 124 Lawnhurst Avenue
Telephone: +44 747 8188 912



ID 151 - Phase field study of columnar grains growth competition under multi-dimensional
temperature fields

Rouhollah Tavakoli, Damien Tourret
IMDEA Materials Institute, Madrid, Spain

Directional solidification conditions occur in several industrial materials processes, like gas turbine blade casting,
fusion-based welding, and metal additive manufacturing. The growth competition of columnar grains greatly
determines microstructural features of the final microstructure, e.g. interdendritic/intercellular spacings, solute
segregation, and grain texture, which have a significant impact on the final mechanical properties.

The advent of quantitative simulation methods, in particular the phase-field method, resulted in a renewed interest
for the study of dendritic grain growth competition — via impingement, elimination, and side-branching
mechanisms'>* — and the resulting selection of grain boundaries and grain textures. However, most studies have
focused on simplified one-dimensional thermal fields. Yet, in practice, the isotherms are not planar, but the effect of
the multi-dimensional temperature field remain poorly understood.

Here, we use a computationally-efficient (GPU-parallelized) quantitative phase-field model to study the growth
competition of columnar grains within non-planar temperature fields. Starting with two-dimensional simulations, we
study the effect of the isotherms shape and curvature, using conditions relevant to actual welding processes, in order
to identify features of the thermal field that result in remarkable changes in the selected grain texture.

'D. Tourret, A. Karma, Acta Mater 82, 64-83, 2015.
2D. Tourret, Y. Song, A.J. Clarke, A. Karma, Acta Mater 122, 220-235, 2017.
3W. Kurz, M. Rappaz, R. Trivedi, Int Mater Rev 66, 30-76, 2021.

This investigation is supported by the Spanish Ministry of Science through an International Collaboration Fellowship
MiMMoSA (Ref. PCI2021-122023-2B) and a Ramon y Cajal Fellowship (Ref. RYC2019-028233-I).

Presenting author: IMDEA Materials Institute, Getafe, Madrid, 28906
email: rouhollah.tavakoli@imdea.org



D.6. Modelling of Additive Manufacturing

ID 172 - Characterisation of the thermoelastic properties of 3D printed ZTA technical ceramics by
Asymptotic Expansion Homogenization

Gustavo Carmo *, J. Mesquita-Guimardes !, S. Olhero 2, J. Dias-de-Oliveira !, J. Pinho-da-Cruz !

! Centre for Mechanical Technology and Automation (TEMA), Department of Mechanical Engineering, Campus Universitario
de Santiago, University of Aveiro, 3810-193 Aveiro, Portugal

2 Aveiro Institute of Materials (CICECO), Department of Materials and Ceramic Engineering, Campus Universitario de
Santiago, University of Aveiro, 3810-193 Aveiro, Portugal

* E-mail: gustavopcarmo@ua.pt; Tel: +351 234 370 200

Nowadays, alumina and zirconia materials are more and more used in the fabrication of the so-called zirconia-
toughened alumina (ZTA) technical ceramics, such as supports for catalysts and thermal or electrical insulators,
among others. These applications require tight limits in ceramics dimensions and properties, with consequent high-
quality control by the manufacturing companies. Additive manufacturing (AM) appears to be a facilitator technology
in the manufacture of such components. However, the consequences of AM implementation in the industrial system,
if not supported by fundamental research, can lead to consumption and resources increases, contrary to expectations.
Therefore, the fine tuning of manufacture of components based on alumina (A), zirconia (Z) or a mixture of both
(AZ) by additive manufacturing requires an analysis of the parameters that influence their final properties. In this
context, this work aims at the development of (numerical-based) prediction models for the anisotropic thermal
conductivity, thermal expansion and elasticity tensors for ZTA ceramics (reticulated sintered alumina-zirconia
specimens), considering the influence of both material (alumina/zirconia ratio) and geometrical (fibres
diameter/spacing and overlapping ratios) effects at the macrostructural (macroscopically heterogeneous and
anisotropic porous lattice) level, considering both Asymptotic Expansion Homogenization (AEH) and Finite Element
Method.

Acknowledgements

This work was supported by the project “TAMAZ3D - Development of a Decision Support Tool for Additive
Manufacturing of Alumina-Zirconia 3-D structures” (POCI 01-0145-FEDER-030493), and by projects of CICECO
(UIDB/50011/2020 & UIDP/50011/2020) and TEMA (UID/EMS/00481/2020), financed by national funds through
the FCT/MEC and when appropriate co-financed by the European Regional Development Fund (ERDF) under the
PT2020 Partnership Agreement.



ID 225 - Multiscale modeling of powder bed fusion process for Inconel 718

Seyed Mohammad Elahi'?*, Rouhollah Tavakoli!, Ahmed Kaci Boukellal!, Thomas Isensee!-*, Ignacio
Romero'?, Damien Tourret'

I*IMDEA Materials Institute, Madrid, Spain

2Universidad Politécnica de Madrid (UPM), Escuela Técnica Superior de Ingenierosindustriales, Madrid, Spain
3Universidad Politécnica de Madrid (UPM), Escuela Técnica Superior de Ingenieros de Caminos, Canales y Puertos, Madrid,
Spain

Integrated Computational Materials Engineering (ICME) is one of the most promising methodologies for speeding
up the development of new alloys and processing routes. ICME relies heavily on integrating different modeling tools,
which are applicable to different length/time scales and/or distinct physics. Despite the fact that a diverse set of
models has been produced, the efficient coupling of these models remains a major challenge.

We developed a multi-scale modeling approach to simulate and formation of microstructure in the melt pool size
during powder-bed laser fusion (LPBF) processing of nickel-based superalloys by combining CalPhaD with finite
elements (FE) and phase-field (PF) methods. CalPhaD is used for calculating thermophysical data (such as phase
diagram features, heat capacity, etc.) used as input to other models. The temperature field under various processing
conditions is determined using the FE modeling at the macroscale, which is then used as input for PF simulations of
dendritic microstructure formation at the melt pool scale, while retaining the microscopic resolution of individual
dendrites.

We apply the framework to simulate LPBF of an Inconel 718 superalloy. We discuss the impact of temperature-
dependent properties, the importance of accounting for various properties in the powder-bed, and the microstructure
model's key limiting assumptions (e.g. binary alloy approximation, limited solute trapping, two-dimensional slicing
of the temperature field). This work provides a deeper insight into microstructure selection via polycrystalline growth
competition under realistic LPBF conditions.
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Fig. 1: CalPhaD thermodynamics, Finite Element thermal simulation of SLM processes, and Phase-Field solidification simulation at the melt
pool scale as the three main components of the multiscale modeling technique.

Tecnogetafe, Calle Eric Kandel, 2, 28906 Getafe, Madrid. E-mail: mohammad.elahi@imdea.org



E.1. Critical raw materials

ID 215 - Using Advanced Image Processing to Characterise the Performance of Metallurgical Coke
in Blast Furnaces

Teshan Rezel, Dr. Orla Williams, Prof. Ed Lester
Centre for Doctoral Training in Carbon Capture and Storage and Cleaner Fossil Energy, Faculty of Engineering, The
University of Nottingham, University Park, Nottingham NG7 2RD, UK

Blast furnace operation relies heavily on coke quality and therefore the accurate characterisation of coke can lead to
the stable operation of a very expensive asset. The use of petrographic analysis to identify morphologies in
metallurgical coke can indicate several key parameters related to its performance in blast furnaces. These include
reactivity, which is an important factor for determining the coke’s residence time in the furnace and the formation of
the hearth layer; and strength, which is indicative of the coke’s ability to withstand the weight of the ferrous burden
as it reduces in the furnace.

Standard reactivity and strength testing (such as CSR, CRI, Irsid or Micum tests) can take up to 6 hours to perform,
while petrographic analysis can be conducted in under an hour. Furthermore, coke petrography can highlight key
operational elements of coke-making. Automating the analysis of petrographic analysis can help further speed up
characterisation and the communication of these results to lay audiences which, in turn, can help translate these
results into operational indicators far quicker. Additionally, a novel technique, Visual Reactivity Analysis (VRA),
can be used to model the thermal properties of coke along with more conventional ThermoGravimetric Analysis
(TGA) techniques. VRA allows the observation of coke combustion in real time. The change in shape of the sample
can be quantified using image analysis techniques and used to infer its reactivity at any given time, thereby granting
access to a wealth of information on how coke combusts over the complete range of temperatures and atmospheres
during the experiment. A combination of these three techniques can thus be deployed to gain invaluable information
on the properties of coke.

Acknowledgement: This research is funded and supported by Engineering and Physical Sciences Research Council
(EPSRC), Tata Steel Strip Products UK (TSSPUK) and the University of Nottingham. The project is an Engineering
Doctorate at the Centre for Doctoral Training in Carbon Capture and Storage and Cleaner Fossil Energy at the
University of Nottingham, grant number EP/L016362/1. The authors would like to thank EPSRC, Tata Steel Strip
Products UK (TSSPUK) and the Centre for Doctoral Training in Carbon Capture and Storage and Cleaner Fossil
Energy for financial support and guidance.

Teshan Rezel - Teshan.rezel @nottingham.ac.uk
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E.4. Bio-based materials
ID 134 - Alginate as an additive for switchable and improved biodegradation of biocomposites

Patricia Wolf, Cordt Zollfrank
Chair for Biogenic Polymers, Technical University of Munich - Campus Straubing for Biotechnology and Sustainability, 94315
Straubing, Germany

In order to substitute fossil-based polymers, bio-based and biodegradable bioplastics such as PLA or PHB are a
common alternative. However, the biodegradation process does not start immediately after release into the
environment and requires varying amounts of time. Therefore, an improved and consciously induced (switchable)
biological degradation of biocomposites by creating a novel, bio-based and transferrable material system of known
bioplastics with alginate is presented here.

Alginate beads and/or fibers are added to compounds including PLA, PHB or PLA/PHB with microfibrillated
cellulose. The expansion of the alginate in the compound, caused by the replacement of calcium ions with sodium
ions of sea water or soil (environment), is expected to increase the surface available for the microorganisms, the
water uptake and therefore the speed of the biodegradation. Without this stimulus, the biocomposite remains stable
for applications such as food packaging.

The beads and fibers were prepared in a CaCl,-bath. After drying, they were included in a matrix of PLA, PHB or
PLA with microfibrillated cellulose via solution-precipitation-method with dichloromethane. After seven days in
artificial seawater a six times weight gain was observed and the mechanical properties decreased, which leads to a
better physical and biological degradation.

The biodegradation tests currently running in respirometers, will allow us to compare the biological degradation of
PLA, PLA-cellulose-composites and PLA-cellulose-alginate-composites. Additional nutrients such as sugars, amino
acids or even bacteria stored in alginate could further improve the biodegradation.

Presenting author: Wolf, Patricia; Technical University of Munich - Campus Straubing for Biotechnology
and Sustainability; Chair for Biogenic Polymers; Schulgasse 16; 94315 Straubing; Germany;
mail: patricia.wolf@tum.de, +49 (0) 9421 187-457



ID 152 - Molecular weight distributions and critical molecular weights in biodegradation processes
of polymers

Felix Eckel, Cordt Zollfrank

Technical University of Munich, Campus Straubing for Biotechnology and Sustainability, Chair for Biogenic Polymers,
Schulgasse 16, D-94315 Straubing, Germany

The molecular weight is one of the most important factors governing the properties and biodegradation of polymers.
Some critical molecular weights for the loss of mechanical properties, water solubility and the beginning of
mineralization have been published. Usually, a single number for the molecular weight is reported while the whole
molecular weight distribution could be used for a more detailed investigation of the biodegradation process.

We will correlate molecular weight to changes in mechanical properties, biodegradability, water solubility and
crystallinity in consideration of the whole distribution. The binning of the molecular weight distribution is introduced
as a valuable tool for the interpretation of biodegradation processes.

Polymer granulates of poly (lactic acid), poly (butylene adipate-co-terephthalate) and poly (butylene succinate) as
well as tensile bars were degraded to yield different molecular weights. Tensile tests were performed and size
exclusion chromatography was applied to the samples and to hydrolysates to determine water solubility. The
crystallinity was analyzed by X-ray diffraction. The biodegradation in soil is investigated by capturing the evolving
CO; in a KOH-solution with subsequent titration with HCIL.

Preliminary results show limits of molecular weight for water solubility and mineralization as well as molecular
weight ranges for loss of mechanical properties.

Knowing critical molecular weights will enable tailoring biodegradable products towards their desired functionalities
and expected lifetimes for specific applications in a particular environment.

This work was supported by the ‘SuPer (Sustainable Polymer) Hybrid Turf” project of the ‘“Zentrales
Innovationsprogramm Mittelstand’, Federal Ministry for Economic Affairs and Climate Action, Germany.
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E.5. Materials circular economy
ID 81 - Self-Reduction Behavior of Finnish and Italian Jarosite Plus Blast Furnace Sludge Mixtures

Gianluca Dall’Osto, Davide Mombelli, Valentina Trombetta, Carlo Mapelli
Politecnico di Milano, Dipartimento di Meccanica, Via La Masa 1, 20156 Milano, Italy

Underlining the importance to develop new technologies and procedures for the valorization and recycling
enhancements of industrial byproducts, the present work proposes the utilization of blast furnace sludges (BFS) as
reductant for jarosite. Jarosite is considered a dangerous waste derived from the hydrometallurgical route of zinc
production due to the presence of hazardous elements, with variable chemical composition dependent from the
production plant. The aim of this study is to chemically compare the thermal behavior of an Italian and Finnish
jarosite, to define the best BFS/jarosite ratio for the production and subsequent utilization of self-reducing briquettes
and to highlight the significance of the jarosite production site on the reduction behavior. Three mixtures per jarosite
with constant binary basicity (BI=0.504) and incremental BFS/jarosite ratio were prepared (A=16.51 %wt., B=35.93
%wt. C=81.9 %wt.). The chemical composition of the two jarosites revealed the necessity of different fluxing agents
for the Italian and Finnish plus BFS mixtures, quartz for the former and lime for the latter. The best reducibility yield
for both the Italian and Finnish jarosite plus BFS mixtures were obtained for the B mixture, corresponding to a
C/Fe»03=0.261 ratio. Finally, the data of the Finnish jarosite mixtures were compared with a theoretical model
developed for the Italian jarosite reduction behavior, confirming its applicability and coherence also in the case of
the Finnish jarosite.

Italian Jarosite plus BFS —u— Peak Temperature (°C) Finnish Jarosite plus BFS
—a— Specific Energy (J/g)

—=— Mass Loss (%)

—n— Peak Temperature (°C)
—a— Specific Energy (J/g)
—=u— Mass Loss (%)
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ID 229 - Direct Energy Deposition of AISI 303 Stainless Steel Powder Particles from Recycled
Machining Chips

Lara Castanheira*!?, Jorge Gil'?, Manuel Vieira', Teresa Vieira®, Ana Reis'*, Omid Emadinia'

! LAETA/INEGI—Institute of Science and Innovation in Mechanical and Industrial Engineering, 4200-465 Porto, Portugal
2 Faculty of Engineering of the University of Porto, s/n, R. Dr. Roberto Frias, Porto 4200-465, Portugal

3 CEMMPRE—Centre for Mechanical Engineering, Materials and Processes, University of Coimbra, Pinhal de Marrocos,
3030-788 Coimbra, Portugal

Chips resulting from machining processes in metalworking industries can be considered as “secondary” raw materials
instead of being consumed as scraps in foundry industries, i.e. transforming chips into powder particles for additive
manufacturing (AM) industry as an adding value. Components produced by AM such as direct energy deposition
(DED) can substitute those produced by conventional methodologies, taking advantage of producing complex
geometries, small series production, and repairing damaged parts. This sustainable approach can be implemented in
metal industries supported by AM, creating a closed life cycle [1].

This study investigates the transformation of AISI 303 stainless steel chips to powder particles for DED process. Disc
milling was applied for powder production. The resulting powder particles were characterized to identify particle
size, particle size distribution, and shape. This characterization was performed using sieving and image analysis by
optical and scanning electron microscopies. Moreover, loose density, tap density, and flowability of milled particles
were measured. This study was proceeded by parametrization of depositions on an AISI 1045 substrate considering
laser power, scanning speed and powder feed rate [2]. Deposited lines were evaluated visually and through
metallography to select an optimized bead geometry and dilution. Then, 20x20 mm? planes of AISI 303 (one and
three layers) were produced by printing lines continuously with an overlapping of 35 %, applying offset-in and zig-
zag strategies, with a 90° rotation between subsequent planes for the latter one. Evaluations on polished cross-sections
included porosity, microstructure, the state of substrate-deposition interface and heat affected zone, and
microhardness measurements.

[1] Batista, C. D., et al. (2021). “From Machining Chips to Raw Material for Powder Metallurgy — A Review.”
MATERIALS 14(18).

[2] Gil, J., et al. (2022). "18Ni300 Maraging Steel Produced via Direct energy Deposition on H13 Tool Steel and
DIN CK45". The 25th International Conference on Material Forming, Braga, Portugal.

[3] The authors would like to acknowledge FCT - Fundagdo para a Ciéncia ¢ a Tecnologia, I.P., through
UIDB/50022/2020 and UIDP/50022/2020 project.

*Lara Castanheira: Faculty of Engineering of the University of Porto, s/n, R. Dr. Roberto Frias, Porto 4200-
465, Portugal; up201707325@edu.fe.up.pt
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