Department of Materials Engineering and Industrial Technologies

(DIMTI)

Report on the 2004 activity

1. Organization and people

DIMTI comprises 47 staff members (10 full professors, 9 associate professors, 8 assistant professors, 16 administrative-technicians, 4 non structured assistant professors), 44 temporary members (38 PhD students, 6 Post Doc students) several post-graduate students, two visiting professors and a changeable number (a few tenths) of undergraduate students carrying out their thesis work.

DIMTI took the decision to invest in human resources, using part of the budget to finance four positions of researcher.

DIMTI is organized in five laboratories: Industrial Anticorrosion, Ceramics, Microstructure and Metallurgy, Polymer and Composites and the Electron Microscopy Laboratory. People is asked to join one of the first four Laboratories, whilst the fifth one, entitled to prof. Paolo Giordano Orsini, is open to the access of all the people educated to the use of the experimental facilities, after a specific training course. 

In the following, the list of the people joining the different laboratories is presented.

- Industrial Corrosion Control Laboratory

Prof. Pierluigi Bonora –full professor, Head of the Laboratory

Prof. Flavio Deflorian – associate professor

Prof. Lorenzo Fedrizzi – associate professor

Ing. Stefano Rossi – assistant professor

Luca Benedetti – technician

Lorenzo Ghirardelli – technician

Maria Lekka – PhD student

Luigi Creazzi – PhD student

Ilario Maconi - Post Doc student

Luca Valentinelli - Post Doc student

Florin Serghiuta - Post Doc student

- Ceramics Laboratory

Prof. Roberto Dal Maschio - full professor, Head of the Laboratory

Prof. Giovanni Carturan – full professor

Prof. Gianantonio Della Mea – full professor

Prof. Gian Domenico Sorarù – full professor

Prof. Renzo Campostrini – associate professor

Prof. Riccardo Ceccato – associate professor

Prof. Sandra Dirè – full professor

Prof. Vincenzo Sglavo – full professor

Prof. Alberto Quaranta – assistant professor

Ing. Sara Spilimbergo – assistant professor

Das Gobind – Post Doc student

Luca Pederiva – PhD student

Alessandra Costabile – PhD student

GianLuigi Maggioni – PhD student

Denise Mantoan – PhD student

Dario Montinaro – PhD student

Andrea Prezzi – PhD student

Lorenzo Tognana – Scholarship fellow

Elie Kamseu - Scholarship fellow

Fayna Mammeri - Scholarship fellow

Livio Zottele – technician

Alexia Conci – technician

Marco Ischia – technician

- Polymers and Composites Laboratory

Prof. Amabile Penati - full professor, Head of the Laboratory

Prof. Claudio Migliaresi – full professor

Prof. Anthony DiBenedetto – visiting professor

Prof. Luca Fambri – associate professor

Prof. Alessandro Pegoretti – associate professor

Prof. Stefano Siboni – associate professor

Dr. Claudio Della Volpe – assistant professor

Dr. Antonella Motta – assistant professor

Devid Maniglio – researcher

Marco Brugnara – PostDoc student

Mariangela Fedel – PhD student

Stefano Pandini – PhD student

Chiara Perazzolli - PhD student

Michele Preghenella - PhD student

Eva Servoli - PhD student

Francesco Tessarolo - PhD student

Matteo Traina - PhD student

Alfredo Casagranda – technician

Claudia Gavazza – technician

Lorenzo Moschini - technician

- Microstructure and Metallurgy Laboratory 

Prof. Paolo Scardi - full professor, Head of the Laboratory

Prof. Alberto Molinari – full professor

Prof. Andrea Fuganti – full professor

Prof. Diego Colombo – associate professor

Prof. Vigilio Fontanari – associate professor

Prof. Giovanni Straffelini – associate professor

Prof. Stefano Gialanella – associate professor

Prof. Di Maggio Rosa – associate professor

Dr. Luca Lutterotti – assistant professor

Dr. Matteo Leoni - assistant professor

Dr. Massimo Pellizzari - assistant professor

Matteo Benedetti – Post Doc student

Cinzia Menapace - Scholarship fellow 

Azanza Ricardo Leonor Cristy – PhD student

Mauro Bortolotti - PhD student

Francesco Casari - PhD student

Denis Cescato - PhD student

Mirco D’Incau - PhD student

Luca Girardini - PhD student

Gloria Ischia - PhD student

Stefano Libardi - PhD student

Lorena Maines - PhD student

Jorge Martinez Garcia - PhD student

Hector Pesenti - PhD student

Mauro Visintainer - PhD student

Mario Zadra - PhD student

Marianna Zendron - PhD student

Vanya Stoyanova - PhD student

Angela Berloffa – technician

Carlo Bressanini – technician

Emilio Buana – technician

Sergio Setti – technician

Wilma Vaona - technician

2. The research areas

Basically, the research activity of DIMTI aims at the study of new materials and processes for the technological innovation. The approach is that of the experimental and theoretical study of the composition-structure-processing-properties relationships.

Research projects may be classified in the areas listed below; some of them (1 to 6) are well consolidated, others (7 to 9) have got a growing consistency in the last two year but they are still less developed than the others. 

1. biomaterials and biomedical technologies;

2. nanomaterials e nanotechnology;

3. surface engineering;

4. structural materials, durability e Life Time Prediction;

5. net-shape materials and technologies;

6. functional materials;

7. materials for energy and environment;

8. materials e technologies for the food industry;

9. materials e technologies for the cultural heritage.

The research projects in the frame of the different areas are described in section 5.

3. The budget

Thanks to the excellent network of industrial relations and the “application oriented” approach of many researchers, DIMTI has confirmed its ability to attract financial resources form the industry.

In addition, the following projects financed by national and international governative institution were running during 2004.

1. PRIN 2004, “Theoretycal models and experimental analysis of fatigue cracks initiated at sharp notches” Unità locale di Trento, resp. V. Fontanari 

2. PRIN 2004, “Growth kinetics and dissolution of nanocrystalline phases: role of surfaces and lattice defects” Unità locale di Trento, resp. P. Scardi

3. FIRB, “Wear-resistant nanocrystalline coatings”, Unità unica Trento, resp. P. Scardi

4. PRIN2003, “Fibroin based injectable gels”, Unità locale di Trento, resp. C. Migliaresi 

5. PRIN 2003, “Physical and mechanical characterization of nanotube-based polymer composites” Unità di Trento, resp. A. Pegoretti

6. PRIN 2003, “Development of new protective systems for light alloys with low environmental impact” Unità locale di Trento, resp. R. Di Maggio 

7. EU Grant Expertissues (http://www.expertissues.org), Novel therapeutic strategies for tissue engineering of bone and cartilage using second generation biomimetic scaffolds” Unità di Trento, resp. C. Migliaresi

8. PRISMA 2002, “Nanocomposites” Unità di Trento, resp. C. Migliaresi

9. European Network of Excellence NANOFUN-POLY http://www.nanofunpoly.com), nanostructured and multifunctional polymer based materials and nanocomposites” Unità di Trento, resp. C. Migliaresi

10. V FP EU, “Coated Filter Metal Trap – COMETT”, resp. A. Molinari

11. V FP EU, “ElectroMagnetic Forming  EMF”, resp. A. Molinari

12. European Research and Training Network "New Hybrid Nanocomposites From Functional NanoBuilding Blocks "(NBB-HYBRIDS) resp S. Dirè

The total amount of financial resources acquired in 2004 is 2.012.865,00 Euro.
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4. The international relations

Apart from those established in the frame of the European projects, the main international institutions collaborating with DIMTI are:

University of California at Berkeley (USA), Instituto de Ciencia de Materiales de Madrid CSIC (Spagna), Universitè de Provence Marsiglia (Francia), Dunarea de Jos University of Galati (Romania), Università di Città del Messico (Messico), Technical University of Wien (Austria), Loa Alamos National Laboratory (USA), Rutherford Appleton Laboratory ISIS Facility (UK), Delft University of Technology (Olanda), Research Institute for Roads and Bridges Varsavia (Polonia), Technical University of Cracow (Polonia), Universitè Pierre et Marie Curie de Paris (Francia), Ecole Nationale Supérieure d'Ingénieurs de Caen (ENSICAEN) (Francia), Universitat Autonoma de Barcelona (Spagna), TNO Marine Corrosion Science, Den Helden (Olanda), Technical University of Danzica (Polonia), Academy of Mining and Metallurgy of Cracow (Polonia), The Pennsilvanya State University (USA), Université du Maine, Le Mans (Francia), Indian Association for the Cultivation of Science (India), Technical University of Athens (Grecia), Università di Vigo (Spagna), Universidad Carlos III de Madrid (Spagna), Sandia National Laboratory Albuquerque (USA), Technische Universitaet Hamburg Harburg TUHH (Germany), Max Plank Institut Stuttgart (Germany), Technical University of Darmstadt (Germany), The Hebrew University of Jerusalem (Israel), The University of mainz (Germany), University of Ankara (Turkey), Chalmers University Goteborg (Sweden), University of Minho (Portugal),   University of Brno (Czech Republic), Academy of Science Prague (Czech Republic), Luleå University of Technology Luleå (Sweden), University of Dakar (Senegal), Deutsches Textilforschungszentrum (Germany)
. 

5. The research activities

1. Biomaterials and biomedical technologies
1. Development and study of bioactive polymeric materials for tissue engineering applications

Tissue engineering is an emerging research filed involving the activities of many national and internbational groups. We have studied synthetic ( i.e. polylactic acid) and natural materials (silk fibroin, chitosan)  for the preparation of scaffolds capable to favour cell adhesion and proliferation. Scaffolds have been realized by using many techniques, some of them already used in the laboratory in the past (solution casting, melt shaping), other new (gelification, electrospinning). In particular, we have studied the gelification process and mechanisms of fibroin and of PEG-fibroin mixtures, in order to prepare injectable bioactive materials. Electrospinning is a relatively new technique where, by using a high voltage difference between the die  and a target it is possible to produce highly oriented  fibres starting from a polymer solution with fibres having a diameter of hundreds of nanometers. By using this techniques non-woven fabrics have been prepared and tested, and their properties compared to the ones of non-woven fabrics with micrometer sized fibres.

One of the aim of this activity, besides the study of the process and the characetrization of the scaffolds, is the investigation of the effect of the fiber size on the cell adhesion and proliferation.

The projects developed within this research line are performed in the framework of the Expertissues network of excellence. Thanks to the support of Expertissues, often students and PhD students have attended training courses organized by Expertissues on tissue engineering applications.

2. Composite material based prostheses

This activity has regarded the study of an elbow prosthesis, thanks to a specific grant established with a local company. Modules of the prosthesis, made by epoxy resin and long carbon fibres, properly designed, have been prepared by filament winding. The study is preliminary to the fabrication of an osteointegrable elbow prosthesis.

3. Surface modification of biomaterials targeted to specific biological results

Interaction between a material and the biuological environment mainly depends on the material surface chemistry and physics. In order to study the behaviour of ideal model surfaces we have started to investigate self assembling molecules (SAM). SAM are molecules that are able to form well organized oriented monolayers . The study is directed to the fabrication of model surfaces, but also to the investigation about the possibility to use SAM covered surfaces as traps for biological molecules or to enhance specific biological interactions. Study have required the use of several surface analysis techniques, among them AFM, DCA and protein deposition assays.

4. Bioreactors

We started to develop a bioreactor, i.e. a reactor where cell culture is conducted under dynamic conditions. The aim is the study of cell-materials interaction in conditions as much as possible close to the ones that are realized within the body after implantation. The fabrication of a bioreactor is a typical chemical engineering task, requiring definition and optimization of flows, and of mass and heat transport.

5. Assessement of biomedical materials

In collaboration with Sorin Biomedica we have studied the characetristics of pyrolitic carbon and of carbofilm, both used in the fabrication of cardiac heart valves. Materials have been studied by using different techniques, such as: AFM, TEM, SEM, biological assays. The group is partner of an EU Cost project on the validation of prosthetic materials.

6. Polymer blends for biomedical applications

Various biodegradable films of polyphosphazenes, polylactide, and their blends were characterized during in vitro degradation in order to evaluate their potential applications; finally they were also used for producing non woven tissues by electrospinning. This latter process was optimised to obtain three-dimensional scaffolds for adhesion and growth of osteoblast or endothelial cells. Chitosan, that derives from chitin through deacetylation, has recently acquired interest for tissue-engineering applications due to its favourable biological and physical properties, alone or in mixtures with natural and synthetic polymers. For this purpose, blends of silk fibroin and chitosan were firstly prepared by film casting in order to evaluate both the physical-chemical and the biological properties in view of biomedical applications; sponges of fibroin-chitosan blends were also studied in order to investigate their potential application in the field of tissue engineering.
Moreover hydroxyethylmethacrylate (HEMA) was polymerised in presence of silk fibroin solution, and the cell activity indicated that the resulting fibroin based poly-HEMA hydrogels could be positively considered as substrates for the production of suitable scaffold in the tissue engineering.
7. Biodegradable fibers

Biodegradable polymers and copolymers have been widely used in various biomedical fields for more than forty years. Recent applications consist in biodegradable scaffolds useful for cell seeding in order to promote biological tissue formation, starting from fibres, films, and woven-non woven tissues. Fiber spinning of homopolymers and copolymers of poly-L-lactide has been extensively studied both in a single or double steps processing (melt extrusion and cold drawing). Selected fibers were undergone to in vitro degradation for more than 6months and evidenced the modulated effect of both processing and composition.

8. Numerical modelling, cinematic and structural behaviour of prostheses.
The activity consisted in the study of the cinematic and structural behaviour of the elbow joint and of different elbow prostheses. The principal problem of the actually produced elbow protheses is the improper reproduction of the elbow kinematics. In fact spurious stresses between bone and prothesis are introduced by an overconstraining of the joint movement. These stresses are found to be the principal responsible for the implant failure. A preliminary multi-body analysis of the elbow and of the candidate prostheses was carried out to determine the cinematic of the joint and to evaluate the loads that are transferred from the bone to the implant. The knowledge of this  loading configuration is mandatory for a finite element structural analysis aimed at optimizing the prostheses geometry and at evaluating the use of different materials. The project was partly funded by a research contract (Eurocoating SpA).

9. Cell incapsulation in silica coated Ca-alginate microspheres

The advantages of cell encapsulation in Ca-alginate microspheres coated by a thin layer of sol-gel silica are documented with reference to viability maintenance function preservation and protection vs. immunological defence in case of grafting for substitution of full-organ transplantation. The preparation procedure – namely the Biosil method – is studied considering various parameters suitable for optimization of the process to reduce the Ca-alginate/biomass ratio and to control the silica membrane porosity. Some medical applications in xenogenic and allogenic transplantation are studied as in the case of pancreatic islets (rat-to-rat and pork-to-dog) and of adhenovirus-infected cells. Instrumental evidence confirms the occurrence of a 0.2nm thick and homogeneous silica membrane covering the surface of the Ca-alginate beads.

2. Nanomaterials e nanotechnology

1. Zirconia and titania based based nanocomposites.

These composites have been prepared through two different approaches of synthesis. Hybrid organic-inorganic materials are not merely physical mixtures. They, thanks to nanometric size of one of the two components, show properties more than the sum of the two contributions. The hybrid material prepared by the unit are of Class II, which means strong chemical bonds are between two moieties, differently from Class I ones containing hydrogen or van der Waals bonds are between organic and inorganic components.

The first route is based on the polymerization of zirconium or titanium propoxides modified by 2-hydroxy ethyl methacrylate. The chemical reactions occurring before the radical polymerization have studied and described in details. The thermo-mechanical properties of the hybrid polymers have been studied as function of composition and polymerization initiation mechanism. 

The most effective approach to synthesis of titania or zirconia based nanocomposites is through co-polymerization of organic monomer and nano-building blocks (NBBs) functionalized by polymerizable groups. NBBs containing zirconium or titanium have been prepared, made of an inorganic core and acrylic shell, and their structure has been defined. Different amounts of NBBs have been used as co-monomer with methyl methacrylate or 2-hydroxy methyl methacrylate polymerization in order to modify thermo-mechanical and optical properties of organic glasses.

2. Surface reactivity of nanopowders

Further activity was carried out for the study of surface reactivity of nanopowders. In this context (along the lines of an ongoing PRIN project), we purchased and installed high energy mechanical milling systems, to be used to produce nanopowders of Calcium fluoride. The same milling systems were also used to produce metallic nanopowders to be used in sintering processes.
3. Mechanical milling and thermal stability of Fe-alloy powders.

The objective of this research is to study materials and processes for the production of a monolithic nano-structured metallic material. For this purpose a prealloyed Fe-1,5%Mo powder was milled in a vibratory mill in order to study the effect of the milling time on the crystallite size and the dislocation density. These parameters were correlated with the microhardness, according to a model based on metals hardening mechanisms. Moreover, thermal stability of the nano-structured powder was analyzed by means of DSC, determining the activation energy of the nano-crystalline grain growth and the maximum sintering temperature that retains the nano-structure.

4. Effect of surface nonocrystallisation of the dry oxidation resistance of alloys based on the TiAl intermetallic phase.
 As an extension of an ongoing research, which initially involved alloy samples whose surface was modified using a plasma-spraying torch , the oxidation resistance of a laser ablated TiAl base alloy has been considered. Laser ablation has been conducted at the experimental facility of the Dept. of Physics. Different ablation conditions have been adopted. An improved, as compared to the untreated conditions, oxidation resistance has been observed and related to the ablation conditions. A further comparison with specimens of the same alloy on which a pure chromium layer has been deposited, using laser evaporation source, and then annealed to promote its diffusion in the surface layer of the alloy.

5. Charaterisation of carbon nanotubes (CNTs) obtained from SiC thermal decomposition.
Thermal decomposition of SiC has been reported as a possible method to segregate sp2 carbon, which organizes into epitaxial well-ordered graphitic layers or into CNTs. The achievement of CNT alignment without substrate processing together with the paramount advantage of being a catalyst-free CNT growth process, expands the technological appeal of this method. TEM observations have been systematically used for the characterisation of the graphitic structures and for the optimisation of the processing conditions.
6. Charaterisation of nanostructured systems.
Nanocomposite materials based on silver nanoparticles supported and/or embedded on/in various matrices, have been widely investigated for their appealing chemical and physical properties. Among the possible applications, great interest has been devoted to their use in advanced technological fields including heterogeneous catalysis, gas sensing, optics, and optoelectronics. In the present work, Ag/SiO2 nanosystems were synthesized by rf sputtering from Ar plasmas at a substrate temperature as low as 60 °C. In particular, the influence of soft preparation conditions was investigated in terms of chemical composition, nanostructure, morphology, and optical properties. In this contest analytical electron microscopy observations have been carried out on nanocomposites obtained under different deposition conditions. The dispersion of a metallic phase has been also considered using substrates of mesoporous silica obtained via a sol-gel route.

7. Nanocomposite coatings and adhesion measurements
Regarding the research on nanocomposite coatings, a comparative study of nickel and nickel containing nanoparticles of SiC coatings was performed. The comparison has been made by SEM, microhardness measurements, abrasion resistance test, exposure to salt spray, E.I.S. measurements and wear corrosion tests. It was also performed a preliminary study of bronze (Cu/Sn/Zn) coatings containing nanoparticles of SiC.

8. Copper nanometric crystals in silica glasses

Formation of copper nanometric crystals into silica glasses was investigated as a function of the employed reducing agent: tin, zinc or silicon carbide. The reducing ability of different compounds was evaluated by means several thermal and structural analyses; SiC was found to be the substance with the most reducing capacity. Both optical and X-ray diffraction spectra were compared in order to determine the mean size of the resulting domains. The microstructure of sol-gel derived carbide/oxide nanocomposites was characterized by X-ray diffraction spectra. The thermal stability of silicon oxycarbide matrices was investigated as a function of the presence of the residual carbon depending on the precursors and on the presence of a second metal oxide (Ti, Zr).

9. Nanostructured organic/inorganic materials by NBB
The preparation of nanostructured organic/inorganic (O/I) materials by assembling of nanobuilding blocks (NBB) allows controlling the extent of phase interaction, which in its turn governs structure properties relationships. Siloxane-based NBB have been synthesized by non-hydrolytic condensation of diphenylsilanediol and vinyltriethoxysilane and triethoxysilane. Reaction steps and condensation products have been characterized using ATR FTIR and NMR techniques, and the reaction pathway has been discussed. The condensation reaction between zirconium tetrachloride and diphenylsilanediol in DMF has been exploited in order to obtain mixed silicon-zirconium oxo-clusters to be used as NBB for the preparation of O/I hybrid films for photonic applications. Moreover, a new organosilane precursor has been prepared by hydrosilylation reaction of triethoxysilane and geranylacetate, and further reacted with diphenylsilanediol leading to geranyl-modified siloxane oligomers. Hybrid O/I films, prepared by UV curing of spin-coated gel layers, have been characterized by m-line spectroscopy, and good results on thickness and refractive index have been obtained.  The modification of commercially available polyhedral silsesquioxanes (POSS) has been obtained by the hydrosilylation reaction. DimethylsilaneisobutylPOSS has been reacted with allylalcohol and 4-penten-1–ol in order to prepare new NBBs based on POSS modified by grafted OH functions, suitable for acylation reactions.

10. Hybrid nanocomposites by sol-gel

A new class of hybrid sol-gel materials was prepared by reaction of different cyclo- and poly-phosphazenes with silicon, aluminum, titanium and zirconium alkoxides. These hybrid nanocomposites display different properties as a function of the metal oxide incorporated into the hybrid network, such as improved thermal stability and mechanical properties, flame retardant ability and have been tested for several applications.

11. Nanostructured polymides film by GDS

Films constituted by nanostructured polyimides are obtained by Glow Discharge induced Sublimation (GDS) and implanted by Au up to 5x1016 ions/cm2. The metallic phase affords nanoparticles 2-3 nm in diameter and degradation of the polymer is observed with C segregation. This effect may be responsible of the C coating on the Au particles, as determined by optical analysis.

12. Mesoporous materials

Mesoporous materials with tailored morphological features are of great interest for the advanced properties in chromatographic and separation applications, whereas, mesoporous silica-metal composites are expected to have important application in heterogeneous catalysis, optics, sensing and electronics. Hexagonal-like mesoporous silica, with high specific surface area and accessible porous volume, was prepared by hydrolysing tetraethoxysilane under acidic conditions and by using a suitable structure-directing agent. Silica-silver nanocomposites were then prepared by metallation (embeddling process) of the calcinated silica matrix. The morphological features of these materials were determined by N2 BET adsorption measurements, SEM and TEM microscopy observations. In particular, the thermal treatment used to mineralize the initial hybrid organic-silica gel structure, which plays a foundamental role in determining the peculiar microstructural features, was monitored and studied by means of coupled thermogravimetric, gas chromatographic, mass spectrometric analyses.

13. Si-B-C-N, Si-B-O-C and Si-O-C  glasses

Si-B-C-N glasses having a Si-B ratio of 3 and 9 have been prepared starting from [CH2=CH(CH3)SiNH]3 and (CH3)3N:BH3. The green products have been treated at 1000°C under nitrogen, affording ceramic materials of the Si-B-N-C system. The high temperature behaviour of  these materials has been studied. In particular samples with the highest B load show a definite stability of the amorphous phase up to 1700°C.

The possible achievement of sterling glass starting from xerogels and aerogels is studied  starting from materials prepared by different sol-gel processes. The pore dimension and the specific surface area play the major role in the densification in the absence of flaw and fractures.

Three SiOC glasses with different C load are obtained by pyrolysis of sol-gel precursors upon treatment at 1000, 1200, 1400 and 1500°C. The glass structure has been determined by various analytical and instrumental methods, so that a general picture of the chemical evolution occurring during the thermal treatment can be proposed.

Si-B-O-C glasses having mixed Si-O-C and B-O-C units are obtained by pyrolysis of sol-gel precursors. Samples have been studied by XRD analysis, indicating that this system presents segregation of nanocrystalline SiC within the B-silicate glass. This feature is compared with results of the Si-C-O system which does not present SiC separation.

14. Processing, thermal and mechanical properties of polymeric nanocomposites

Nanocomposites are a class of composite materials in which the dispersed phase is of nanometric dimensions. In some cases, nanocomposites exhibit greatly improved properties with respect to conventional microcomposites loaded with the same amount of reinforcing phase, thus allowing for a potential weight-saving design of many plastic products.

At least three class of nanocomposites can be distinguished, depending on the morphology of the filler,: layered nanocomposites, whisker (or nanotubes) based nanocomposites and isodimensional fillers nanocomposites. The research activity of the laboratory of polymers and composites in 2004 has been focused on all the above mentioned three types of nanocomposites. In particular, the thermo-mechanical and electrical properties of the following systems have investigated:

· nanocomposites based on epoxy matrix filled with sililca nanoparticles;

· nanocomposites based on high density polyethylene (HDPE) filled with carbon-black nanoparticles;

· nanocomposites based on low density polyethylene (LDPE) and multi-walled carbon nanotubes (MWCNT) nanocomposites;

· nanocomposites based on recycled polyethylene-terephthalate (rPET) filled with layered silicates;

· nanocomposites based on polyurethane (PU) filled with layered silicates;

The research activity has been focused on the techniques for the processing of nanocomposites with particular regard toward the melt-processing of thermoplastic nanocomposites (by twin-screw extrusion) and toward the solution-processing of thermosetting nanocomposites. The microstructure of the obtained nanocomposites has been investigated by X ray diffraction, scanning electron observations, and atomic force measurements under the acoustic modality. The mechanical properties of the various nanocomposites have been characterized by uniaxial tensile tests, fracture mechanics testing methods, dynamic-mechanical thermal analysis, and impact tests. Their thermal behavior has been analyzed by differential scanning calorimetry, thermogravimetric analysis, and rheological measuments. Finally, their electrical behavior has been investigated by conductivity measurements performed at various temperatures.

It is worthwhile to note that some of these activities have been conducted in the framework of the European Network for Excellence on nanostructured and functional polymer-based materials and composites (NANOFUN-POLY). The main objective of NANOFUN-POLY is to generate a Network of Excellence designed to become the European organisation on Multifunctional Nanostructured Polymers and Nanocomposite Materials. This objective will be reached through a trans-disciplinary partnership of 120 scientists combining excellence in different scientific areas, where the synergy of international excellence and multidisciplinary approaches will lead to develop and spread knowledge in innovative functional and structural polymer-based nanomaterials and their sustainable technologies. Applications that will benefit from NANOFUN-POLY concern strategic industrial sectors which can be competitive only by using advanced technologies: optoelectronics and telecommunications, packaging, agriculture, building construction, automotive and aerospace, etc.

15. Wood-hybrid composites and Wilhelmy measurements of dynamical contact angle on porous samples; extension to other porous materials.

Wood-hybrid polymers composites can be used for surface protection and building, because of their good adhesion properties. Characterization of the surface adhesion properties was made through wettability analysis (dynamical contact angle measurements) and mechanical tests. This approach required the developement of appropriate models for the dynamical contact angle estimates on porous sample, by taking also into account the evaporation effects which, owing to the large surface roughness, are typically rather important.This model can be applied as well to other porous materials. In an ongoing international collaboration on non-woven fabrics the same model has been succesfully applied to these materials. 

16. Electrochemically obtained Self-Assembled Monolayers on silicon surfaces  (SSAMs)

SSAM produced on silicon surfaces (not on gold, as commonly described in literature) by electrochemical methods have been characterized through wettability analysis to evaluate their surface free energy components. This ongoing research, in collaboration with Roma La Sapienza University, has the aim to explore the applications of chemically nanostructured surfaces obtained through non-standard methods. 

3. Surface engineering

1. Ion diffusion through organic coatings for limiting cathodic delamination

A very important mechanism of organic coating deterioration is the cathodic delamination.

In this project a double electrochemical cell has been used in order to keep separated the solution in contact with an artificial defect and the solution in contact with the rest of the intact organic coating (polyester coated phosphatised steel). In this way it is possible to polarise the sample in the cathodic region and to control the environment (ions and concentration, oxygen, water activity) in the defect and around the defect. Moreover it is possible to measure electrochemical parameters in the two different areas of the coating. 

The cathodic delamination was measured, in different solutions, by measuring the distance of delamination from the artificial defect after different times of exposure under cathodic polarisation. 

The behaviour of different cations and anions has been compared and a different diffusion mechanism was found for the cations couple Li and Na and the ions couple K and Cs. The second couple, because of the smaller dimension of the hydrated shell can diffuse through the coating, while Na and Li diffuse mainly through the defect.

2. Damage evaluation due to abrasion on organic protective system

Organic coatings are the most commonly used system for protection of metals from corrosion. In several applications organic coatings have to show, in addition to the protection properties and a good aesthetic appearance, good resistance to impact and abrasion. In fact, the mechanical damage can remarkably decrease the protection properties, even in the case of a very protective organic coating.

To evaluate the abrasion resistance of organic coatings the Taber Abraser test is frequently used. The mechanical damage is determined by measuring the mass loss without considering the form of damage (morphology and influence on corrosion protection performances).

The aim of the project was to evaluate the degradation of protection properties, caused by abrasion in Taber tests, using electrochemical methods. Polyester powder coated steels were studied. Several parameters were considered such as the number of cycles, hardness of abrasive grinders and imposed weight.

3. Improvement of surface finishing and corrosion resistance of prototypes produced by direct metal laser sintering

Using the prototyping technology it is possible to obtain in short production time components like mould for production of polymeric parts.

In this research activity the direct metal laser sintering technology is utilised to produce a benchmark to evaluate some limits and the problems of this technology concerning the surface finish.

Several surface treatments are carried out to reduce surface roughness. The deposition of some coatings was considered to improve the quality of the surface finishing and to guarantee the corrosion resistance of prototyped components. CrN/NbN layers, PTFE-based coating and electroless nickel coatings with and without SiC and PTFE particles were considered.

4. Environmentally friendly organic coating protective systems: use of silanes on powder coated aluminium alloys

Powder coating is a painting technology for protecting aluminium alloys widely diffused in the last decade, even because of the necessity to reduce the use of organic solvents in organic coating deposition. Moreover the aluminium pretreatments before painting based on chromium baths are less and less used for the well known environmental and health problems of Cr6+, while chromium free conversion coatings based on titanium and zirconium salts are now common in the industrial practice. In addition to such a pretreatments, since many years new aluminium pretreatments based on silanes are under development. 

The characteristics of silanes is the creation of film able to make strong chemical bonds with the substrate and with organic layers with a high resistance to loss of adhesion due to the water permeation. A spreading of the application of these layers will be predictable because of this aspect.

The project, with the industrial technical support of Degussa, studied the use of specific silanes as adhesion promoters for aluminium alloys and powder coatings.

5. Evaluation of Standardized Test Methods concerning Organic Protective Coatings

The objective was to evaluate the liability of certain standardized tests used for the assessment of the adhesion of protective coatings on metallic surfaces as well as of their toughness expressed by their impact resistance. This evaluation comprises comparison of the results of the standardized tests both between them and with the relative results of Electrochemical Impedance Spectroscopy (E.I.S) measurements.

Steel specimens coated with various types of organic coatings and of various dry film thickness were examined as it concerns their above mentioned characteristics.

Adhesion measurements were performed according to standardized methods ASTM 3359-97, ASTM D 4541(Type II, Type III, Type V) as well as using a home made experimental apparatus. The corresponding results were correlated with those of E.I.S. measurements performed on a part of the coated specimens. 

Measurements were carried out just after the coating application as well as at predetermined exposure time intervals in a salt spray cabinet.

Impact resistance tests by dropping weight on the surface of the coated steel specimens were also performed according to ISO 6272-2 and a pin hole detector was used for the determination of the degree of cracking produced.

Additionally the damage produced by the falling weight was assessed by the change of the coating’s dielectric characteristics in the region of impact deformation, determined by E.I.S.

6. Metallic coatings applied on special substrates.

Metallic coatings applied by galvanic or electroless technologies were studied after application on special substrates including: powder metallurgy components, fasteners and mechanical parts.

The influence of the substrate microstructure and deposition conditions on the final protective and aesthetic properties of the coatings were analysed with the final aim to design the best metallic coating for a specific use.

7. Corrosion and wear behaviour of HVOF cermet coatings

The high velocity oxygen fuel (HVOF) powder spray process represents the state-of-the-art for thermal spray metallic coatings and can result in very dense, tightly adherent coatings with little or no oxidation during the application and low residual stresses. In particular this technology is applied in the automotive industry as well as in the textile and paper machinery and can be an interesting alternative to the use of galvanic processes with high environmental impact. Substitution of hard chromium coatings with new HVOF cermet coatings has been studied in this project. Coatings obtained from conventional and nano-powders with the chemical composition 75Cr3C2–25NiCr were applied on AISI 1045 steel used for cylinders in earth moving machines. A special apparatus was used to perform tribo-corrosion tests. 

8. Numerical analysis of the adhesion forces between Au surfaces

The surface properties of a caging mechanism used in  the ‘in orbit’ release of a test mass for the detection of  gravitational waves was studied.  The role of the adhesion forces between clean Au-surfaces in vacuum environment was studied by means of a finite element analysis. To this purpose a special contact element was formulated to incorporate the JKR adhesion theory that was considered as representative of the adhesion forces acting during the release of the test mass. In this way the importance of the adhesion phenomena and the values of the adhesion forces were determined.

9. Wear resistant nanocrystalline coatings.

The research activity on the wear-resistant nanocrystalline coatings is partly included in this topic (in common with point 3) above). During this year the entire surface characterization system was purchased and installed. The system comprises of: dynamic  microindentation, scratch test and pin-on-disk wear-test. The characterization instruments are required to test the Co,Ni-base alloy thin films deposited by r.f. magnetron sputtering. This research, now approaching a conclusion, led to the expected results (in parallel with a FIRB project on these topics), but also disclosed some unexpected possibilities of using the same coatings in microelectronic applications, profiting of the peculiar ferromagnetic properties.

10. PVD coatings for improving corrosion protection.

In this investigation, different types of PVD coatings from industrial production were studied to estimate their corrosion resistance in the atmosphere simulating the process of moulding of polymeric materials. Two substrates were considered (a hot working AISI H13 tool steel and a copper-beryllium alloy) and three types of coatings: CrN, ZrN and a double CrN/ZrN coating, obtained by arc evaporation, ion beam and magnetron sputtering. A careful microstructural characterization of the coatings was carried out and the porosity content of the coatings was measured using electrochemical techniques. The corrosion resistance has been evaluated by means of electrochemical measurements in alternating current (EIS) in a NaCl 3.5% solution. The arc deposited ZrN coatings were found to show the best performance, whereas the CrN coatings were characterized by the less protective properties. The present investigation was carried out in collaboration with Coster.

11. Sliding wear of an Mg-alloy against coated high speed steel.

In the present work, the dry sliding behaviour of the AM60 Mg-alloy against coated AISI M2 high-speed steel has been investigated. Different coatings has been deposited on the high-speed steel by means of the PVD technique: TiN, CrN and ZrN. Sliding tests were carried out using a block on disc testing rig. The testing conditions were optimized with the aim of simulating the tribological loading present during dry drilling of Mg alloys. The performance of the tribological systems was found to be limited by a severe transfer phenomenon of Mg-alloy fragments onto the counterface, due to the attainment, during sliding, of a high flash temperature that causes an excessive softening of the Mg-alloy. The different coatings did not reduce the adhesional forces responisble for the transfer phenomenon. The results, however, allowed to obtain important guidelines in the selection of the drilling parameters and in the selection of different self-lubricating MoS2-base PVD coatings. The present investigation was carried out in collaboration with The Politechnic of Milan.

12. Influence of the surface treatment on the tribological behaviour of steels for hot extrusion dies for Al alloys.

In this project the effect of nitriding and PVD and CVD coatings on the sticking phenomena of Al alloys on the extrusion die was studied. By means of a tribological test able to reproduce this phenomenon related to the extrusion, it was possible to examine different ceramic coatings and evaluate the effect of the surface roughness.

13. Methods for the calculation of the surface free energy of solids and its components

Contact angle measurements in the dynamical (Wilhelmy microbalance) and statical (sessile drop method) setup provide one of the most powerful techniques to characterize the surface energetics of solid surfaces, but they  rely on the direct and accurate determination of a true equilibrium contact angle, the one appearing in the Young-Dupré equation and therefore known as Young’s contact angle. In practice, however, only advancing and receding contact angles are experimentally available, which are nonequilibrium quantities in a proper sense. A new method has been developed to measure a suitably defined equilibrium contact angle: the Vibrationally Induced Equilibrium Contact Angle (VIECA), consisting in the application of mechanical vibrations, in a reproducible way, to a Wilhelmy microbalance or to a sessile drop device in order to induce a fast relaxation of the liquid to an equilibrium configuration (equilibrium meniscus or equilibrium drop shape). These original methods apply for the measurement of the “equilibrium” contact angle on rough and heterogeneous surfaces. This ongoing research has already developed a procedure for the Wilhelmy approach and is now perfectioning the same procedure for the sessile approach. The new techniques allow (for the first time) the experimental determination of the Wenzel and Cassie-Baxter angles. Their achievements may be used to obtain better surface free energy components. All the experimental procedures are applied thorugh original and autodeveloped devices. A meeting for the organization of a dedicated project at European level has been organized in September 2004 in Trento with the participation of 10 European research groups.
14. Silica coatings on organic tissues by sol-gel

In order to improve mechanical properties and to confer specific surface properties to organic polymer tissue, the sol-gel method was applied to coat this material by a thin silica layer. A pilot plant was realised for continuous treatment of tissue tapes. Mixture of silicon alkoxides with different functionalities were hydrolysed and aged before coating process. Sol-gel and process parameters were optimized to achieve homogeneous thin coating layer.

15. Glasses with improved reliability by surface treatments

The theoretical model previously developed for the improvement of glass reliability (i.e. high strength and limited scatter) has been reduced to practice using different silicate glasses as starting materials and a two-step ion-exchange process has been used to produce the desired residual stress field in paper. The residual stress profile is characterized by a well-defined maximum compressive stress at a certain depth from the surface and such profile is responsible for a T-curve effect that causes the stable growth of surface defects within a certain length interval.  Final failure stress becomes therefore independent from surface flaws and very high Weibull modulus are obtained. 
Alternatively, it may be used a double physical treatment consisting of conventional thermal tempering and fast heating in fused tin bath in order to obtain the required residual stress profile. Glass samples show interesting mechanical properties such as limited strength scatter, high surface damage resistance and fragmentation upon failure though the actual mean strength is comparable to average resistance of annealed glass because of the limited residual stresses frozen in the material.

16. Methods for the calculation of surface free energy of solids

Reliable equilibrium contact angle measurements of different test liquids on a solid surface obtained through the methods described in item 14 are then used to calculate accurate estimates of the surface free energy of  the surface and the related acid-base components of it, according to general multicomponent models for surface energetics (van Oss-Chaudhury-Good model). This semiempirical procedure, which is the most common one in international literature suffers many practical and theoretical problems which depend on a not well-understood consideration of its underlying mathematical formulation. We have developed a wide and complete analysis of those aspects and also written a free and interactive program using the correct procedures at the page: http://www.ing.unitn.it/~devol. This allows to use the theory in a correct way. Moreover, a new scale of the acid-base components of many common materials has been calculated and a proposal for an international collaboration in the field has been made at European level (VI FP).

A deeper analysis of all the theories currently applied to the determination of solids surface free energy is currently ongoing.

17. Determination of the surface and electrochemical characteristics of conductive polymers.

In an ongoing international collaboration, the synthesis and characterization of some conductive polymers based on pyrrole derivatives has been performed. The electrochemical and wettability analysis of those surfaces may allow the determination of the main chemical aspects pertaining the polymer conductivity.
4. Structural materials, durability and Life Time Prediction

1. Fatigue behaviour of glasses

In spite of previous published results, some borosilicate glasses show both normal (i.e. median-radial cracks) and anomalous (cone cracks) behaviour under Vickers indentation. The actual behaviour, defined by the cone crack occurrence, is a function of glass composition, indenter geometry and test environment. The presence of cone cracks in the examined glasses is promoted by a more open structure of the silicate network due to the increased number of non-bridging oxygens. In the case of the soda–borosilicate glasses a blunter indenter and the presence of water also increase the tendency to develop Hertzian-like cone cracks. An experimental approach based on the observation of the sub-critical growth on indentation cracks (median and cone cracks) at the maximum load is used in for the analysis of fatigue behaviour of glasses. The proposed method represents an easy technique that requires small amount of material and whose results are simple to be analyzed.  In addition, the sub-critical growth of the cracks can be directly observed and tests duration is usually limited.

2. Ceramic materials with high mechanical reliability

A design and processing approach has been identified and reduce to practice to obtain ceramic materials with high mechanical reliability, i.e. high failure resistance, limited strength scatter and increased damage tolerance.  Different ceramic layers are stacked together to develop a specific residual stress profile after sintering. Laminates composed of alumina/zirconia layers have been designed and fabricated in and they showed a “constant” strength of ≈ 600 MPa (standard deviation < 10%) even when large surface damages were produced.

3. Fracture mechanics in contact fatigue

The early stages of fatigue growth for cracks initiated at the tip of sharp notches is fundamental in the prediction of the life for several mechanical components. Indeed,  notches with relatively sharp tips are sites for fatigue crack nucleation. To face this problem a general method for evaluating the Stress Intensity Factors of an inclined edge crack originated at the tip of a sharp V-notch in a semiplane was proposed. An analytical Weight Function with a matrix structure was derived by extending a method developed for an inclined edge crack in an unnotched semi-plane. The effects of the principal geometrical parameters governing the problem were studied through a parametric Finite Element analysis, carried out for different reference loading conditions. The Weight Function can be used to produce efficient and accurate evaluations of the Stress Intensity Factors for cracks with inclination angle in the range -72°,+72° emanating from V-notches with opening angle in the range from 18° to 144°. For a crack length up to the 10% of the characteristic notch dimension, the maximum estimated error of the Stress Intensity Factor is lower than 2% (typical errors less than 1%)  in the whole ranges of the angular parameters.
4. Fatigue behaviour of full scale components.

Even though the numerical methods are gaining an even increasing importance in the fatigue design of structural and mechanical parts, the full scale experimental characterization is quite often the only way to assess the in service fatigue behaviour of mechanical components, as a consequence of the difficulty in incorporating the information on the material local styrength and on geometric features in the analysis model.  The full scale tests require a very careful design of the experiments and of the testing apparatus in order to appropriately reproduce the in service loading condtion. In the present year the experimentation was principally focused on the study of different types of joints: bonded joints, fasteners and welded joints.

5. Initiation and propagation of cracks in Ti alloys
The behaviour of fatigue cracks emanating from edge-notches in the Ti-6246 alloy, subjected to two heat treatments producing two different microstructures defined respectively as -annealed and -processed was studied. Pulsating four point bending tests were performed on double-edge-notched specimens. The initiation and early propagation of fatigue cracks were investigated at two relatively high nominal stress levels in order to produce plastic deformation at notch tip followed by elastic-shake down. Crack closure effects, measured by an extensometric technique, and variations in crack aspect ratio were considered in the K calculation. The obtained crack growth rate data were compared with those of long cracks measured on standard C(T) specimens as well as of microcracks measured on round, unnotched S-N type of specimens to evaluate the intrinsic fatigue crack propagation resistance of the two microstructures. Finally, the contribution of notch plasticization to crack closure has been estimated by finite element modelling.

 Joint research with TUHH (Tecnische Universitaet Hamburg Harburg)

6. Residual stresses in shot-peened surfaces
Analysis of the residual stress in metallic components undergone to shot-peening treatments. Development of X-ray diffraction (with laboratory and synchrotron radiation instruments) and blind hole drilling techniques.

7. Durability of concretes and concrete structures.

The rate of deterioration and durability of concretes, as those used in sewer pipes and exposed to sulphate environment and to cyclic acid attack, have been compared. It has been studied the resistance of six concrete mixes, prepared using Portland-limestone cement or blast furnace slag cement or sulphate-resisting cement, all of them with water/binder ratio (w/b) 0.38. Two of the six mixes have been contained silica fume as mineral admixtures. Concrete specimens have been immersed in a sulphate-rich aqueous solution (10% by Na2SO4) at 20°C. Some of them were exposed to a solution of H2SO4 pH=2 cyclic way, in order to simulate an acid attack. The degradation of specimens has been evaluated by visual observations and by measuring the variations of weight and length. Moreover also phenolphthalein test along with micro structural analysis have been performed on the concrete specimens. Although up to 2 years of exposition all of the concrete seems to resist both to acid and sulphate attack, the specimens containing blast-furnace slag cement showed a high durability in acid environment, whereas the specimens containing silica fume gave doubtful results.

Several protective coatings for reinforced concrete have been studied, as well, by means of electrochemical techniques. The dielectric properties of cement based materials have been investigated in different configurations, and their relationship with the microstructure of the material has been studied.

8. Hot workability of superalloys.

The research aims at studying hot workability of a Ni based superalloy, through the determination of the workability maps. Mechanical tests at different temperatures and different strain rates were carried out by means of a Gleeble machine. The efficiency of power dissipation was determined by means of the “Dynamic Materials Model”. The results of this elaboration led to identify the optimal conditions for hot working, that were confirmed by the microstructural analysis. This work was carried out in collaboration with an industrial partner.

9. Cold workability of high strength low alloy steels for automotive applications.

In collaboration with CRF (Centro Ricerche Fiat), the cold workability of different steels (IF, BH, DP) used in automotive application was studied. By tensile tests carried out on samples cut from sheets, were measured the main parameters that determine the plastic deformation behaviour, i.e. strain hardening coefficient, anisotropy and strain rate sensitivity. These were correlated with the parameter FLD0 found by Nakazima test.

10. Special cast iron for automotive application.

The wear resistance and the thermal stability of the austenitic-bainitic microstructure of a typical Austempered Ductile Iron were studied, in order to establish the upper temperature limit for application in the automotive field. Thermal stability of ADI depends on the austempering temperature, and it isn’t high enough for applications at temperatures higher than 250°C. For this special purpose, an alternative nodular iron has been developed, having a special ferritic-martensitic microstructure, whose thermal stability is significantly better than that of ADI.

11. Thermal fatigue behaviour of steels used for rail wheels and dies for die-casting.

In this research the effect of the mechanical and microstructural properties on the pyrocracking resistance of two different steels was studied, the two steels having different alloying elements and microstructures. Their thermal fatigue behaviour is influenced by the high temperature yielding resistance and the tempering resistance. This work was carried out in collaboration with the Italian company Lucchini Sidermeccanica.

12. High temperature behaviour of steels and highly alloyed cast irons for hot rolls. 

Thermal fatigue resistance and hot wear resistance is strictly related to the microstructure of the examined materials. Together with the amount, the morphology and the distributions of the carbides (primary and eutectic) the high temperature resistance of the matrix is very important. Most of the experimental work has been focused on the definition of a tribological test able to reproduce the real damaging conditions of the hot rolls in exercise, that is produced by the contact with the hot oxidised strip. This work was carried out in collaboration with a Italian hot rolls producing company.

13. Effect of the cryogenic treatment on the properties of high speed steels.

The possibility to improve the properties of the high speed steels through a cryogenic treatment depends on the chemical composition and the primary carbide distribution of the steel. Cobalt hinders the possible effect of “low temperature conditioning” produced by this treatment on the martensitic matrix. The high amount of primary carbides of these steels obtained via Powder Metallurgy also makes them insensitive to this effect. This work was carried out in collaboration with an Italian company.

14. Corrosion behaviour of structural steel ropes

During service life the steel ropes with mechanical functions can lead to considerable corrosion problems which in some cases can reduce their mechanical properties. The subject of this study is a characterisation of the protective efficiency of lubricant, zinc protective treatments and geometrical effects. The electrochemical and corrosion characterisation showed that a correct lubricant treatment or galvanised ropes produce sufficient corrosion protection in mild environment.

15. Corrosion protection of aluminium frames for public transportation 

Organic coatings are widely used to provide a cost-effective, versatile and reliable corrosion protection system for a number of different metal substrates, in a variety of different fields.  In the automotive industry, the rising need for fuel-efficient vehicles led toward aluminium-based frames and bodies, especially in the public transportation industry.

In this research, a typical automotive paint system has been investigated, in order to improve its corrosion resistance, and to understand the role of a number of variables that can seriously affect the performances of this kind of  protection system, like design, materials, application methods, working environment.

5. Materials and net-shape technologies

1. Pressureless shaping of powders

If hybrid organic-inorganic material are studied in order to assembly a large variety of complex hierarchical structures showing tuned properties, they can be also used as binders of metallic or ceramic particles for net-shape forming. At this aim, slurries of several different powders and zirconium or titanium propoxides modified by methacrylate have been prepared and used for casting or injection moulding. After that upon polymerization, net-shape composites have been prepared. The hybrid nature of binder offers the advantage of good rheological behaviour during mould injection and stronger interfaces interactions after consolidation. A most recent and interesting aspect, which has been studied, regards the process optimization for nanocrystalline metallic powders. It has been studied how the process parameters affect the grain growth in sintering and the microstructure of the sintered pieces.

2. High strength low alloyed sintered steels.

The aim of this research is to develop both the material and the technological process (compaction, sintering, heat treatment) for the production of low alloyed steels (obtained by high compressibility powders) having high density and a bainitic-martensitic microstructure (i.e. having high mechanical resistance). This work was carried out in the frame of a pluriannual collaboration with the swedish powder producing company Hoganas AB, leader in this field. New developed powders (Cr, Mo, Ni-alloyed Fe powders) were used for this project, graphite was added in different amount (to obtain different carbon contents in the sintered material); shaping was carried out by conventional cold compaction and by the new High Velocity Compaction, which enhances green density. Sintering was carried out at two different temperatures: the standard one (1120°C) and the so-called “high sintering temperature” (1250°C). An additional process parameter was the cooling rate, which allows the as sintered microstructure to be modified, through the control of the austenite transformations on cooling. As secondary operations, the following heat-surface treatments were carried out: steam treatment, vacuum quenching, carburising and plasma nitriding.  
In addition to the microstructural characterization and the measurement of density and porosity, tensile, impact and fatigue properties have been measured, and correlated to the microstructural characteristics of the different materials. The main results of the research are:

-) the development of a high carbon dual-phase chromium steel sintered in vacuum, with very high tensile strength, avoiding heat treatment;

-) the development of the vacuum sintering, with controlled decarburization of the low alloyed steels;

-) the development of the vacuum quenching of chromium steels;

-) the development of the vacuum sinterhardening of the low alloyed steels;

-) the optimization of the gas and plasma carburising parameters for low carbon steels;

-) the interpretation of the combined effect of density, porosity and microstructure on the tensile and impact properties of this class of steels. 

3. Duplex stainless steels.

The possibility to obtain duplex stainless steels by adding both a gamma stabilizing element to a ferritic powder and an alpha stabilizing element to an austenitic powder was studied in the frame of an international cooperation with two Polish Universities. In this preliminary part of the research, materials have been produced with different contents of the added elemental powder, and characterized in terms of density, porosity and microstructure. On the basis of the results, some specific compositions have been selected for further investigation. In the frame of a cooperation with some Italian universities, as an appendix of a previous COFIN project, a study of the fatigue and corrosion fatigue resistance of a sintered duplex stainless steel has been concluded. The mechanisms responsible for fatigue crack nucleation and propagation, with particular reference to the effect of the multi-phase microstructure, have been investigated.

4. New metal matrixes for sintered diamond tools.

The aim of this research was to find a matrix for diamond tools alternative to Cobalt, that for safety and cost reasons has been progressively eliminated. Interesting results have been obtained starting from a mixture of Fe and Cu powders, with the addition of a Fe-P powder in order to increase the matrix hardness. This work was carried out in collaboration with the Italian company Pometon S.p.A., that produces metal powders.

5. Effect of boron addition on the sintering of different steels.

The aim of this work, raised from the collaboration with the University of Cracow, was to study the effect of the boron addition to two different steels: an austenitic stainless steel and a low alloyed Cr steel, both produced via Powder Metallurgy. Boron, producing a liquid phase, activates the sintering mechanisms leading to an improvement in the PM compact final porosity (lower amount, better morphology). Moreover, it influences also the hardenability. The addition of boron to the stainless steel produces a consistent effect of surface densification on the PM component that leads to a higher corrosion resistance. The addition of boron to the other steel, the Cr steel, leads to an improvement of the mechanical properties.

6. Reactive infiltration of Co-Continuous Ceramic Composites.

Co-Continuous Ceramic Composites present a microstructure constituted by penetrating phases and are constituted by Al and Al2O3. The process used for the preparation is the reactive infiltration which has been studied in terms of the kinetic and the microstructural evolution at different temperatures. The mechanical tests of samples obtained in the interval 850-1100°C are in agreement with literature data.  Al and Al2O3 composites are obtained by using a silica perform which is immersed in a melted Al bath. Various low-cost performs have been experimented, changing their composition. The composite samples have been characterized by XRD analysis, SEM, optical microscopy and mechanical testes.

6. Functional materials
1. Shape memory Ni-Ti wires: treatments to improve surface properties

In this investigation, the influence of surface treatments on the corrosion resistance of Ni-Ti wires has been studied.

2. Phase composition and wear behaviour of NiTi Alloys.

In this investigation, the wear behaviour of two NiTi alloys, that, at room temperature have a martensitic or austenitic structure. After a preliminary characterisation, concerning the thermal and mechanical properties of the two alloys, wear tests have been conducted with a disk-on-block geometry, the alloy material being the block. As counterface materials an AISI M2 steel and a WC-Co hardmetal have been used. It has been found that in the wear tests ran with the M2 steel disk both NiTi alloys display a transition from a mainly oxidative regime to a more complex situation in which oxidative wear is accompanied by delamination of metallic fragments. In this second regime, the austenitic alloy displays a higher wear rate, as the frictional heating of the system is capable to induce the detachment of the metallic fragments from the slider disk exploiting the shape recovery typical of these materials. The same process is not so important in case of the martensitic alloy, owing to a higher transition temperature to the austenitic phase. In the NiTi-AISI M2 wear configuration the steel disk presents a comparable wear rate as the two shape memory alloys and iron oxide particles have been found under all test conditions. Higher wear rates of the shape memory alloys have been observed for the NiTi-WC/Co couple. In this case a transition from a mainly delaminative wear to a regime featuring a mixture of delaminative-oxidative wear has been observed. The hard metal disks present an extremely low wear rate, in which a significant contribution comes from the tungsten carbides.

3. Effect of thermomechanical treatments on the microstructure of NiTi wires.
The microstructure resulting from different thermomechanical treatments is of key importance as concerns the functional properties of NiTi shape memory alloys. It is known that stress, drawing and annealing can strongly affect the shape and texture of NiTi micro-grains, change the concentration of dislocations and grain boundaries, induce twinned martensite and promote the precipitation of several compounds. The effects of thermo-mechanical treatments on the microstructure was studied by transmission electron microscopy. In this way, information on the microstructural and crystallographic changes brought about by different processing routes has been attained and used to tailor and improve material performances, in view of its application in actuators and smart devices.

4. Pure and Ca-doped LaCoO3 Nanopowders: Synthesis and characterisation.
Rare-earth metal complex oxides have been widely studied for their appealing applications in superconductivity, magnetic devices, ferroelectrics, catalysts, fuel cells and chemical sensors. In this widespread scenario, lanthanum cobaltite (LaCoO3). In this work, particular attention is focused on the chemical and microstructural evolution of lanthanum cobaltite-based nanosystems as a function of composition and processing conditions as well as on their influence on the resulting magnetic properties. 

5. Polymeric blends with improved viscoelastic and mechanical behaviour 

Various polymeric blends were properly prepared and characterized in order to evaluate the improved properties as function of composition. Compatibilised polyamide 66 and sindiotactic polystyrene PA66/sPS blends with co-continuous components “upgrading” sPS component, which could impart a better dimensional stability to the blends at elevated temperatures, were analysed in their phase structure and crystallinity; the effects of the phase structure on resulting mechanical properties were also studied. The addition of cyclo olefin copolymer (COC) at polyolefin was studied in order to reduce their creep propensity. Phase structure, dynamic mechanical, tensile and impact properties of the PE/COC blends were evaluated and compared with model predictions.
In the field of industrial fibres, the reactive blending of polyamide 6, polypropylene and compatibiliser was considered for the spinning of new blended fibers combining the stain resistance of PP with the mechanical properties of PA. New specific testing methodologies (thermal creep and isothermal creep of yarns) were proposed for the evaluation of the modulated viscoelastic behaviour.

5. Er-activated HfO2 and SiO2-HfO2 in optical applications

Some recent advantages of the sol-gel methods in optical applications have been reported in the case of Er-activated HfO2 waveguides using silica as matrix. The waveguides show a homogeneous surface morphology, high densification and uniform refractive index. Emission in the C-telecommunication band is observed at room temperature upon excitation at 980nm. The deposited waveguide supports one single propagation mode at 1.5µm with loss of about 0.5dB/cm at 632.8nm.

Concerning the preparation of materials devoted to optical applications, a SiO2-HfO2 gel sample, synthesized by sol-gel method, was characterized by thermogravimetric-mass spectrometric-gas chromatographic measures in order to determine the chemical composition. The quantitative determination of the evolved gas species allowed to calculate the amount of functional groups present in the crude matrix, leading to the determination of the gel stoichiometric formula.

6. Copper phtalocyanine for electro-optical sensors

Copper phtalocyanine thin films were deposited glow discharge-induced sublimation. The presence of alpha- or beta-polymorph was investigated by infrared spectroscopy. Nitrogen physisorption and electrical conductivity measurements were employed in order to reveal the physical properties of the films.

7. Advanced optical materials

3-hydroxyflavone based wavelength shifting systems are used for UV- radiation conversion to a 530 nm fluorescence band to improve the UV-sensitivity of a silicon photodiode. Organic-inorganic silica xerogels are used as matrices for the 3-hydroxyflavone; different alkyl substituted Si-alkoxides have been used (vinyl, methyl and phenyl). Disks of these materials on the surface of photodiodes afford a valuable increase of the optical sensitivity which depends on the matrix-dye molecular interactions. The Glow Discharge induced Sublimation (GDS) is used for plasma deposition of polyimidic monomers on different substrates. The polymeric deposit has been characterized by various instrumental methods, such as AFM, UV-Visible Fluorescence, Optical absorbance and FT-IR spectroscopy. Results indicate that polymer degradation is determined by the nature of chemical bonds and by the molecular structure.

8.  Coatings for electronics

Reactive RF-magnetron sputtering in Ar-N2 atmophere in used to prepare thin W-Si-N films, used as diffusive barriers in microelectronics. Thermal treatments in vacuum up to 980°C produce important structural evolutions from the amorphous state to silicon-nitride and metallic W. This fact promotes the increase of the electric specific resistance of these materials.

9. Ultra low dielectric films

SiOCH films are prepared by PECVD and cured at different temperatures. IR and Raman spectroscopies are used to define the microstructural evolution. Results indicate a valuable Hydrogen release above 600°C, which parallels the segregation of C-graphite and stabilization of the amorphous silica phase.

10. Silica glasses with reduced refractive index via sol-gel

Among the various species used to improve the physical properties of silica glasses, fluorine is very attractive since its incorporation reduces the refractive index without optical absorption in the transmission region. Usually, fluorine doping is obtained by means of suitable vapour deposition techniques starting from appropriate precursors. Fluorinated silica gels at various fluorine content were prepared via sol-gel by hydrolysis of silicon alkoxide bearing fluorinated alkyl groups. Mixtures of different molar ratio of tertaethoxysilane and 3,3,3-trifluoropropyltrimethoxysilane were hydrolysed and gelled in acidic medium avoiding the use of solvent. Monolithic transparent gels of nominal stoichiometry SiO(2-X/2)(C2H4CF3)X (with X=0.1-1) were prepared and characterized by different analytical techniques. In particular the thermal stability of these matrices were studied in order to test these doped silica materials for technological employment. The chemical reactions occurring in the gel matrices during heating, involving condensation between residual hydroxyl groups and, at higher temperatures, siloxane chains rearrangements by Si-O/C-F bond exchanges, where identified by means of coupled thermogravimetric, gas chromatographic, mass spectrometric measurements. 

11. Eu2+ doped Si-C-O glasses

 New transparent materials of the Si-C-O system have been prepared with Eu2+ doping, by pyrolysis under inert atmosphere. The luminescence features are studied in function of the thermal treatment which promotes the reduction of Eu3+ to Eu2+. Two bulk xerogels doped by different Yb3+ loads are obtained by the sol-gel method. Samples heated at 950°C in air for 120 h show a photoluminescence spectrum indicating Er3+-Yb3+ energy transfer. The densification process is determined by Raman and UV-visible-NIR spectroscopies.

7. Materials for energy and environment

1. Development of a metal sintered anti-particulate trap.

The objective of this european project was to develop and validate an efficient particulate trap, consisting of sintered metal coated with an appropriate ceramic coating, able to reduce the exhaust gas emission (NOx and particulates), and also its ash plugging. This is due through the technology of the “continuous regeneration” that produces, as a counterpart, the excessive heating of the filter in some points (T>1000°C). The Lab. of Metallurgy was involved in this project for studying the base material, its interaction with the ceramic coating and, especially, its behaviour at high temperature. Results obtained on zeolite coated filter seemed to be very interesting and promising for future developments of coated metal traps

2. Recycling processes of electronic devices in the automotive industry.

In the frame of a collaboration with Magneti Marelli a project was carried out studying the possible recycling procedures to reduce the electronic wastes from the automotive industry. Some mechanical treatments at different temperature were considered in order to reduce the size of the components and separate the particles as a function of the chemical composition.

The results are unpublished because they are considered confidential by Magneti Marelli

3. Nanoporous titania for photovoltaic devices

Photovoltaic devices of third generation have been realized, based on natural (chlorophyll from vegetables) and artificial (dichloro (2,2'-bipyridine-4,4'-dicarboxylate) bis (triphenyl phosphine) ruthenium (II)) dyes adsorbed on nanoporous titania. The photovoltaic cells have been characterized from a chemico-physical point of view and optimized in order to obtain the best energetic efficiency. 
4. Vanadium pentoxide films by sol-gel

Vanadium pentoxide samples were characterized by Raman spectroscopy. Gels showed a nanocrystalline structure, whereas corresponding films were amorphous. The crystallization process was found to be different for the two classes of samples, depending on its phase confinement. As a comparison, pure vanadium pentoxide grown inside nanometric pores of an alumina membrane and mixed titanium/vanadium oxides films were also investigated in order to determine their crystallization kinetics. The different behavior shown by gels and films with the same starting composition was also detected in mixed metal/vanadium pentoxide materials. The thermal evolution of these samples showed the crystallization of separated phases when a tetravalent metal was present or the appearance of mixed oxides in the case of trivalent ions. Comparative X-rays diffraction and Raman spectra performed on pure V2O5 gels and films, revealed a different dehydration and crystallization process, leading to different intermediate and final phases.

5. Yttria-stabilized zirconia for SOFC
Yttria-stabilized zirconia (YSZ) finds application as solid electrolyte in solid oxide fuel cells (SOFC). The sol-gel chemistry has been exploited for the preparation of hybrid organic/inorganic freestanding gel disks, which have been thermally converted into pure nanocrystalline cubic YSZ samples. The hybrid gels have been prepared by addition of polyvinylpirrolidone (PVP) to solutions of zirconium n-propoxide and yttrium acetate. The influence of PVP content on the final ceramic microstructure has been pointed out in controlling crystallite sizes and obtaining crack-free monolithic samples (1). Different organic and bio-organic molecules such as albumin, starch, dextran, sucrose, polyvinyl alcohol and carboxymethylcellulose have been used to prepare hybrid polymer/YSZ gels, which have yielded to dense and monolithic cubic YSZ samples. A new synthesis procedure in aqueous medium has been used and the influence of polymers on final microstructure has been studied.

6. Er and Yb co-doping of glasses with improved optical properties

The development of integrated optical amplifiers based on Er-doped glasses generally requires Yb co-doping. The Yb effect on fluorescence and the Yb-Er energy transfer process have been studied in a sol-gel derived silica-alumina matrix. Within the frame of a collaboration with the Physics Department, monolithic glasses have been obtained by thermal curing of alkoxide-derived gels with different Yb content, and their NIR absorption and Raman spectra have been studied in order to monitor the densification process. The photoluminescence spectroscopy confirmed an effective energy transfer from Yb3+ and Er3+ ions. The same approach has been used to characterize silica-based optical planar waveguides obtained by different metal oxide addition to the silica matrix. For optical amplification at 1.5 m, silica glass offers good solubility for rare earth ions, like erbium and ytterbium. Planar and rib waveguides have been deposited by dip coating and rf magnetron sputtering techniques, followed by etching. The advances in sol-gel dielectric based photonic systems have been discussed in terms of light confinement and enhancement of optical and spectroscopic properties. These systems appear valuable for applications in the telecommunication.

7. Polycrystalline TiO2  for the photocatalytic processes
Polycrystalline TiO2-powders are materials of relevant interest in the photocatalytic processes and in particular to photodegrade organic pollutant species in diluted liquid-solid systems. The photocatalytic efficiency depends on the preparation method of the catalyst and on its thermal treatment, which significantly influence structural and surface properties. Some TiO2 gels were prepared studying the effects of different chelating ligands used to modify the intrinsic reactivity of a titanium alkoxide precursor versus hydrolysis by modifying the coordination sphere of titanium atoms. The chemical composition of these gels and their thermal stability were determined. In particular, the release of the organic fraction, remaining in the TiO2 matrices after gelling, was studied by coupled thermogravimetric, gas chromatographic, mass spectrometric analyses. This fact plays a fundamental role in the preparation method, leading to the crystallization of the amorphous gel into the catalytic active crystalline phase. 

8. Thermogravimetric study of PE, PVC and PS degradation

In order to study the possible energy recover from solid waste and polymeric materials in pyrolysis plants, the thermal treatment under inert atmosphere of PE, PVC and PS was studied by coupled thermogravimetric-mass spectrometric analyses. The chemical reactions occurring during heating, were determined by identifying the evolved compounds. Radicalic decomposition reactions take place for PE and PS, whereas for PVC sample elimination with aromatization and cracking were observed.

8. Materials e technologies for the food industry

1. Pastorization by CO2
The use of carbon dioxide (CO2) is particularly attractive as new pasteurization method thanks to the mild conditions needed in the treatment (below 100 bar, around 35 °C), and the good results that can be generally obtained under such conditions without compromising the characteristics of the material processed. The anti-microbial effect of CO2 was investigated both in a semi-continuous and in a batch devices and different values of temperature, pressure and treatment time were applied. S. cerevisiae, B. subtilis and S. marcescens in saline solutions and yeast and moulds naturally present in orange juice were chosen as test-microorganisms. Exposure of the cells to SC-CO2 caused microbial death at mild conditions (36 °C, 100 bar in few minutes), confirming the efficiency of the method proposed. Furthermore the mass transfer and thermodynamics of a CO2-water system were studied by theoretical modeling. Many hypoteses have been proposed to explain the peculiar action of CO2 on microorganisms but there is no definite evidence of the prevailing mechanisms. The effect of the gas on the intracellular and extracellular pH of a saline solution of a test-microorganisms Bacillus subtilis was investigated. In particular the extracellular pH was determined theoretically by means of the Statistical Associated Fluid theory equation of state while the cytoplasmatic pH was determined by means of a flow cytometry with the fluorescent probe 5(and 6-)-carboxyfluorescein ester (cFSE). 

2. Study of the influence of surface finishing in metal cans for carbonated beverages

The surface finishing of cans containing beverages with CO2 (bier and soft drinks) can influence the nucleation and evolution of gas bobbles inside the can causing, in same cases, the lost of liquid when the can is opened. In this study the roughness of the internal lacquer was correlated to the ability of the surface to nucleate bubbles.

This work is part of a scientific collaboration with PPG Research Center. (PA, USA) and the results are unpublished because they are considered confidential.

9. Materials e technologies for the cultural heritage.

1.  Archaeometric investigations of archaeological samples.

Several studies have been conducted in collaboration with the Archaeology laboratory of the Dip.to di Scienze Filologiche e Storiche e Filosofiche and with the Museo Tridentino di Scienze Naturali, often in the framework of PhD or Laurea curricula. 

2.  Shape memory alloys for the conservation of cultural heritage.

For the conservation and restoration of mosaic and frescoes several smart devices, like dowels and pegs, are being developed. They exploit the peculiar properties of NiTi shape memory alloys, and display excellent properties in terms of good reversibility and low intrusivity. Prototypes have been successfully tested and further applications of smart actuators, specifically designed for the protection of parietal paintings, have been already envisaged and are in the early stages of developments. 

3. Study of the degradation of a copper bottle of Byzantine age.

The study regards the characterisation of a copper bottle from the Byzantine age, by means of microscopy and surface analysis techniques. The bottle was recovered in the Aïn Wassel zone in Tunisia. The find consists of a stopper, a ferrous alloy handle and part of the container, made of a joined copper alloy sheet. 

A reconstruction of the probable shape of the container was obtained on the basis of comparative studies with literature data. 

The joining zone shows evident corrosion attack, involving both the copper and the Pb-Sn alloy. The study of the morphology of the corrosion products provides interesting information on the history of the archaeological find and, in particular, on the technology used to manufacture the bottle and the use of the object in the Byzantine age.

4. New methods and new protective methods and agents for stone

Methods have been developed and modeled for the analysis of wettability of porous materials (Candoglia marble, Noto stone and artificial model materials with controlled porosity), by using the dynamical contact angle in the usual Wilhelmy setup. This approach required the developement of appropriate models for the dynamical contact angle estimates on porous sample, by taking also into account the evaporation effects which, owing to the large surface roughness, are typically rather important. The new technique has been applied to the experimental characterization of new protective agents for stones (synthetic waxes) and of appropriate model materials (cationic surfactants). The time-ageing of the protective materials has been also analysed. Some important limitations of the currect application of wettability analysis to protected stones as defined by NORMAL and ASTM has been individuated and analysed.

On the 30th of March, 2005, DIMTI has organised a workshop in Trento on “Materials and Technology for Cultural Heritage”. The Workshop has been attended by more than 80 participants from all over the Northern Italy.

6. The technological laboratory at BIC in Pergine Vlasugana

This laboratory is a project of the Industrial Corrosion Control Laboratory and of the Microstructure and Metallurgy Laboratory, aimed at reinforce the cooperation with industry. For this purpose, the laboratory has been installed in an industrial frame as the BIC is.

The laboratory is organized in two sections:

· Testing of  metallic, organic and ceramic anticorrosion coatings; the section is equipped and organized to carry out all the tests required by industry to validate and develop new materials and applications.

· Heat treatment and powder metallurgy, for the development of new applications in the frame of structural and functional metallic materials. The equipments installed can produce prototypes and small pre-series of components. Several industrial cooperation have been activated..
7. The interdipartimental laboratory for large equipment for the research on materials

The research on materials needs even more sophisticate equipments for chemical and structural analysis, whose purchasing and maintenance costs cannot sustained by one single Department. An agreement has been established with the Department of Physics, to join efforts to develop and maintain the experimental facilities in the frame of an interdipartimental laboratory. During 2004, a Solid State NMR has been purchased. Other equipments will be bought in the future (at first a TEM). The idea is to create a technical platform, equipped with special experimental apparatus, open to the access of external institutions and enterprises. Documents for the official approval of the laboratory have been prepared. 

8. Scanning Electron Microscopy Laboratory “Paolo Giordano Orsini” 

This Laboratory provides support to all departmental activities that involve scanning electron microscopy observations and energy dispersive x-ray spectroscopy analyses. At the beginning of 2005 a group of researchers of the Department has been trained to the direct use of the experimental facilities of these laboratory. These expert users have considerably improved the amount of work the laboratory can carry out and  play an important role in the tutorship of students from the Doctorate School in Materials Engineering, that may earn a  qualification in electron microscopy techniques as part of their curriculum.

9. The Doctorate School in Materials Engineering

In 2004 the PhD course has been transformed in a Doctorate School, organized in 180 credits: 60 from courses (21 courses delivered by the School) and other educational activities (schools and courses delivered by third institutions are recognized), 120 from the research activity. In addition to the five grants financed by University, other six grants have been financed through research contracts of members of DIMTI.

During 2004, 38 PhD students were active. Among them, 3 have concluded the School in February 2004, 15 have joined the School in November 2004.

Full information on the Doctorate School are included in the year report delivered by the School Board.

10. Publications

The publications of the DIMTI members are available on the Polaris.
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