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Annex A

1.
Methods of statistical and numerical analysis (basic) 

 
(Corso base di metodi di analisi statistica e di analisi numerica)
The course is made of two parts:

Part one: Introduction to the statistical analysis of experimental data

· Experimental measurements, random variables, statistical populations of data.

· Functions of random variables and indirect measurements, error propagation.

· Small samples, sample estimates of mean and variance of a statistical population, hypothesis testing, outliers and Chauvenet’s criterion, introduction to analysis of variance (ANOVA), Pearson’s linear correlation coefficient.

· Regression analysis, best-fit models, maximum likelihood method, least squares method, chi-square method. Linear regression, goodness of fit, F-test for goodness of fit, F-test for additional parameter. Nonlinear regression. Robust fitting. Principal component analysis (PCA).

Proficiency test will consist in the execution of one or more exercises concerning the previous programme.

Part two: Finite element analysis with applications

The second part of the course focuses on the fundamentals of the finite element method, with application to thermo-mechanical problems and an introduction to the use of modern FE analysis codes. 

· Mathematical foundations of the method;

· Application to the analysis of the principal physical problems: static and dynamic structural analysis, steady state and transient thermal analysis, non linear analysis techniques: materials non linearity and geometrical non linearity, multi-component contact problems; constitutive models of materials implemented in the Finite element codes

· Introduction to the use of a multi-purpose finite element analysis code : Ansys©. Preprocessing, solution, general and time history post processing

Laboratory activities:

· solution of simple modelling problems, proposed in the form of tutorials

· analysis and modelling of  selected thermo-mechanical problems

Examination: Written report of the assigned laboratory activity

2.
Experimental mechanics of materials

 
(Metodi Sperimentali della Meccanica dei Materiali)

The course is divided into three parts.

Part one: Deformation, yield and fracture

· Constitutive equations: elastic, elastic-plastic and visco-elastic behaviour.

· Time/temperature dependent mechanical behaviour: creep and fatigue.

· Common methodologies for the measurement of mechanical properties of materials: tensile, compressive, flexural and torsion test; impact test; static and dynamic fatigue tests.

· Typical standards and protocols for the measurements of mechanical properties of materials (strength, elastic modulus, etc.).

Part two: Fracture and toughness

· Linear elastic fracture mechanics: stress intensity factor (K) and strain energy release rate (G).

· Elastic-plastic fracture mechanics: CTOD, J-integral, essential work of fracture.

· Failure statistics (Weibull theory).

· Toughening mechanisms.

· Experimental techniques for the determination of crack-resistance behaviour.

· Standards and protocols for the measurements of the fracture toughness (KC).

Part three: Residual stresses

· Residual stress in materials.

· Engineered residual stresses in materials.

· Experimental techniques for the determination of residual stresses.

· Standards and protocols for the measurements of residual stresses in materials.

The final exam consists in the practical execution of one of the described testing procedures and in the preparation of the corresponding technical report.

3.
Electron Microscopy Techniques


(Tecniche di Microscopia Elettronica)

· Introduction to electron microscopy

· Transmission electron microscopy: the instruments.

· Electron diffraction of crystals: indexing diffraction patterns; Kikuchi diffraction. Practical session.

· Transmission electron microscopy:diffraction contrast imaging, bright field and dark field images; images from microstructural defects. Practical session.

· Scanning electron microscopy: the instruments.

· Imaging using secondary electrons, backscattered electrons and x-rays. Crystallographic techniques for scanning electron microscopy. Practical session.

· X-ray spectroscopy: the instruments; TEM-vs-SEM.





· Energy dispersive x-ray spectroscopy: qualitative and quantitative analyses. Practical session.

· Sample preparation for transmission electron microscopy: mechanical thinning. Final thinning: electrochemical thinning and ion-milling. Preparation of special samples. Practical session.

· Sample preparation for scanning electron microscopy. Coating deposition techniques. Metallographic methods. Practical session.

Final Examination: at the end of the Course theoretical and practical exercises will be proposed to the students.

4.
Techniques of Thermal Analysis

(Tecniche di Analisi Termica)

Introduction to thermal analysis

· Differential Scanning Calorimetry (DSC)

· Differential Thermal Analysis (DTA)

· Termogravimetric Analysis (TGA)

· Dynamic Mechanical Thermal Analysis (DMTA)

· Dilatometry (DIL)

Thermal analysis  techniques applied to glassy and ceramic materials

· Determination of glass transition and phase transition by means differential thermal analysis; densification and sintering processes by means dilatometric measurements; thermal analysis of thin films.

Thermal analysis  techniques applied to metallic materials
· Study of phase transformations by Differential Scanning Calorimetry and dilatometry

Thermal analysis  techniques applied to polymeric materials
· Polymeric materials characterization by Differential Scanning Calorimetry (DSC)

· Polymeric materials characterization by Termogravimetric Analysis (TGA)

· Polymeric materials characterization by Dynamic Mechanical Thermal Analysis (DMTA)

5.
X-ray Diffraction I: basic concepts and materials crystallography
 
(Diffrazione dei raggi X I: concetti fondamentali e )

The course provides the basis of the modern theory and methods of X-ray diffraction. The first part of the course illustrates the physical mechanisms of diffraction, starting from the scattering of X-rays from an electron, up to the diffraction from a small crystal. The second part is specifically devoted to the methods of powder (polycrystalline materials) diffraction and includes a laboratory activity, which is part of the final evaluation work.  

· Elements of crystallography

· Physical basis of X-ray Diffraction (XRD). Scattering from electrons and from atoms.

· Crystalline cell and Structure Factor

· The diffraction from a small crystal

· Diffraction from a polycrystalline specimen.

· Powder diffraction geometries: an outline.

· Notes on XRD data analysis.

· Elements of theory of quantitative phase analysis.

Laboratory:

· XRD data collection strategy. Measurement of the diffraction pattern from an assigned polycrystalline specimen.

· Data processing. Application of custom and commercial software for indexing and determination of diffraction profile data (e.g., peak position and peak area)

Students are requested to prepare a report on the laboratory activity, in order to assess the level of the knowledge achieved. 

6.
Materials characterization by neutron techniques
 
(        )

7. Physical and mechanical properties of polymer blends

       (Proprietà fisiche e meccaniche di miscele polimeriche)

1. Introduction to polymer blends as cost-effective multicomponent and multiphase materials. Examples of commercial polymer blends.

2. Non-equilibrium phase behavior, phase separation and phase structure coarsening of polymer blends. Compatibilization of immiscible polymers.

3. Preparation of blends. Phase structure evaluation by means of thermal, dynamic mechanical and microscopic methods.

4. Physical properties of polymer blends. Predictive formats for selected mechanical properties and gas permeability. 

5. Dimensional stability: nonlinear viscoelastic creep of polymers and blends. Toughness of polymer blends: multiple crazing and/or shear yielding.

6. Ultimate mechanical properties of polymer blends and their experimental evaluation. Introduction to nonlinear fracture mechanics

8.
Biodegradable polymers
(           )

Prof. Michel, René Vert
CNRS Research Director (Research Professor), Director of the 5473 CNRS Joint Research Unit

CRBA – UMR CNRS 5473
Faculty of Pharmacy
Montpellier  France
- The criteria to be taken into account in the development of polymeric biomaterials 

- Biostable prostheses versus temporary ones, problems and solutions 

- Degradability and biodegradability: the various stages 

- The concept of artificial biopolymers and corresponding strategies 

- Methods to investigate degradation, biodegradation and bioassimilation 

- The degradable polymers: poly(lactic acid)s, poly(e -caprolactone), poly(b- hydroxy alkanoate)s The combination of drugs with polymeric matrices: problems and solutions of medicated prostheses 
9.
Technical/scientific English
(Inglese tecnico-scientifico)
10.
High temperature materials

(Materiali per alte temperature)

The course will focus on those high temperature processes that are dependent on the transport of atoms, in polycrystalline materials, in the solid state. Diffusional transport becomes important at temperatures that are typically above one half of the melting point of metals and ceramics. Phenomena such as fracture, creep deformation, anelasticity (or viscoelasticity), phase transformation, and sintering are just a few examples where solid-state diffusion plays a key role. The general approach of these lectures is to provide the student with a fundamental understanding of diffusional mechanisms and their applications. Sample homework problems will be handed out which can be used to gain an in-depth understanding of the subject. “Solid State Diffusion” by P.D. Shewmon is the standard text, but references to journal articles will be used extensively during the lectures.

11.
Coatings to improve the corrosion and wear behaviour

(Rivestimenti anticorrosione e antiusura)

The aim of the course is to give to the students the basic knowledge about the coatings used to improve the corrosion and wear behaviour of materials. The course is made in two parts: the first part presents the coating for corrosion protection; the second part is about the wear behaviour of materials and surface engineering in tribology.

Part one (15 hours): metallic and organic coating for corrosion protection

In this part the characteristic of metallic and organic coatings are illustrated. The student will be given the fundamental knowledge about the deposition methods, the characteristic of layers and the methodologies to highlight the properties and quality of these coatings. The main topics are:

· Characteristics of metallic coatings

· Galvanic process

· Deposition of zinc, nickel and chromium coatings

· Electroless deposition

· Hot dip process

· Methods for testing the quality of metallic coatings (microstructural analysis, corrosion behaviour, galvanic coupling)

· Organic coatings: characteristics, properties 

· Deposition process of organic coatings

· Mechanism of corrosion protection of organic coatings

Part two (15 hours): coatings and treatment to improve the wear behaviour 

In this part of the course the tribological aspects of surface engineering are illustrated. Criteria for the proper selection of coatings for different applications will be given. The characterization techniques of coatings are presented. The main topics are:

· Fundamentals of  tribological phenomena

· Surface treatments to improve the wear resistance

· Thermochemical treatments

· Characteristics of  ceramic coatings

· The physical vapour deposition (PVD) process 

· The chemical vapour deposition (CVD) process

· Plasma assisted process (PAPVD and PACVD)

· Characterization of  coatings: microstructural analysis, roughness, hardness measurement.

· Adhesion and techniques for its evaluation: scratch test, indentation methods, pull-off

· Tribological properties of surface engineered materials and thin films.
Within the course there will be a Seminar held by dr. Peter Kamarchik, PPG Laboratory, Pittsburgh, USA:

“Organic coatings: properties and application technologies: part 1”

“Organic coatings: properties and application technologies: part 2”

At the end of the course the students are requested to discuss shortly, with a written report, one project individuating the best solution to protect components in different use (wear) and environments (corrosion). The students are allowed to use any scientific source (books, journals, Internet, etc.) to prepare their report.

12.
Nanostructured materials

 
(Materiali nanostrutturati)

The course is divided into two parts.

Part one: Processing and Properties

This course imparts the fundamental concepts and techniques, both theoretical and experimental, useful to the creation of novel nanoscale structures with unique engineering properties. The course is designed to provide an understanding of the structure, synthesis, properties and applications of nanostructured materials in one, two and three dimensions. The course will include topics such as:

· Processing by: Powders, Solution (Polymer Pyrolysis and Sol-Gel), Vapor Deposition

· Components: Powders, Films, Fibers, Bulks, Nano Tubes

· Properties: Mechanical (room and high temperature), Optical, Chemical, Magnetic

Part two: Characterization

After an overview of processing techniques and properties of the synthesized materials, the focus will be moved on characterization. Topics will include:

· Major techniques available for the characterization of nanostructured materials

· Light probes: laser Raman, IR, UV

· Electron probes: microscopy, electron diffraction

· X-ray probes: diffraction and spectroscopy 

· Advanced techniques: Nuclear Magnetic Resonance

· Gas physisorption (Surface Area and Pore size distribution)

The final exam consists in the lab preparation of a nanostructured sample and its characterization, The student is also required the preparation of a technical report and its discussion.

13.
Advanced techniques for surface analysis and optical properties of materials

 
(Corso di tecniche avanzate per l’analisi di superfici e proprietà ottiche dei materiali)

The course is constituted by two modules:

Part one: Advanced techniques for surface analyses 

· Advanced techniques for the analysis of solid surface composition. Sensitivity and resolution of the different methods.

· Nuclear techniques for the detection of heavy elements (RBS, PIXE): compositional analysis and concentration profiles. 

· Detection of light elements (also hydrogen) by means of nuclear reactions (NRA) an forward scattering (ERD): total dose and concentration profiles. 

· Elemental analysis by means of Auger Electron Spectroscopy (AES).

· Detection of elements with low concentrations and near surface concentration profiles by means of Secondary Ion Mass Spectroscopy (SIMS). Detection of hydrogen in comparison with the nuclear techniques.

· Photoelectron spectroscopy (XPS e UPS) for the analysis of the composition and electronic states in the near surface region of solid materials.

· Surface characterization of different materials with combined techniques: examples.

Part two: Optical properties of materials

· Propagation of electromagnetic waves in matter: refractive index, extinction coefficient, absorption coefficient.

· Microscopical theories on the optical properties of materials: Lorenz-Lorentz model, Drude model for conductors, interband optical transitions.

· Optical transitions: absorption band, infrared absorption by molecular structures, visible absorption by colour centres.

· behaviour of the electromagnetic waves at the solid interfaces: reflectivity, transmittance and their dependence on the optical constants.

· Interaction of electromagnetic waves with thin films. 

· Instruments for the measurements of optical constants. 

· Methods for calculating thin film optical constants and technological applications of thin film optical properties.

· Colour theory. Principles of the colour perception. Techniques and unit systems for colour measurements. Correlation between colour and optical transitions.

· Fluorescence mechanisms and methods for measuring fluorescence spectra.

· Technological applications of fluorescent materials: laser amplification, gas optical sensors, electroluminescent devices, phosphors.

· Guided optics: light waveguides and optical fibres.

The examination consists of an oral colloquium on the course concepts. It will be possible to focus the examination on a specific argument of interest of the Ph.D. student. 

14.
Surface analysis techniques for the evaluation of materials degradation

(Tecniche di indagine superficiale per la valutazione del degrado dei materiali)

The aim of the course is to give to the students the basic knowledge about the use and the interpretation of surface techniques and in particular, electrochemical techniques, for the evaluation of the materials degradation. The main topics are:

· Fundamentals of the electrochemical degradation of metallic materials and physical measurable parameters (1 hour).

· Overview of direct current electrochemical techniques (DC): polarisation curves (2 hours)

· Examples of DC measurements: discussion of the information concerning the mechanisms and the quantification of the degradation. (2 hours).

· Overview of alternate current electrochemical techniques (AC): electrochemical impedance spectroscopy (2 hours)

· Modelling the metal degradation by EIS: equivalent electrical circuits. (2 hours)

· Examples of EIS measurements: discussion of the information concerning the mechanisms and the quantification of the degradation. (2 hours).

· Advanced electrochemical techniques: SVET, SRET Kelvin probe (1 hour)

At the end of the course the students are requested to discuss shortly, with a written report, a set of experimental results provided by the teacher. The students are allowed to use any scientific source (books, journals, Internet, etc.) to prepare their report.

15.
X-ray Diffraction II: the real structure of materials

 
(Diffrazione dei Raggi X II: Struttura reale dei materiali)

The course is based on the fundamental concepts provided by course No5, X-ray Diffraction (XRD) Techniques, and focuses on the various XRD techniques specifically devised to study the microstructural and structural features of real materials.  Each lesson deals with a specific methodology and presents elements of theory, discussion of instrumental features and data collection strategy, and several cases-of-study concerning real problems frequently encountered in scientific research and industrial development activities. 

· Phase identification by XRD (Search-Match)

· Methods of quantitative phase analysis (e.g., RIR and Rietveld method)

· Lattice defects and crystallite size: notes on traditional and State-of-the-Art methods.

· Texture analysis in polycrystalline materials and thin films.

· Macrostrain and elastic constant measurement by XRD: an outline.

All the topics are treated at an introductory level, but provide sufficient skills to carry out simple but complete tasks. As such, the aim of the course is to provide the student with specific abilities in the field of XRD methods.

Laboratory and final examination: students are asked to select a topic (among the proposed subjects) on which to  carry out a laboratory activity whose results are to be presented in a short report. 

16.
Hybrid macromolecular materials

(Materiali ibridi macromolecolari)

· General introduction: concept and definition of Hybrid Organic-Inorganic Materials. Classification and applications. 

· Macromolecular synthesis background. Classification of polymerization reaction : polycondensation and polyaddition; free-radical polymerization, Atom Transfer Polymerization (ATP). 

· Sol-gel chemistry background : the metal-organic route and chemical reactivity of metal alkoxides. 

· Sol-gel derived hybrid organic-inorganic materials: class I e class II. Preparation of organically modified transition metal alkoxide precursors. 

Synthesis of hybrid polymers from pre-formed .and in-situ formed metal oxo clusters. 

· Characterization methods and properties evaluation of polymers reinforced by inorganic clusters. 

· Laboratory sessions. 

Reports of the lab sessions will be considered as final evaluation. 

17.
Powder technology

 
(Tecnologia delle Polveri)

· Powder production

· The conventional Powder metallurgy process: cold compaction and sintering

· Warm compaction, high velocity compaction, hot compaction

· Special consolidation processes

· Mechanical and physical properties of sintered metals and alloys

· Powder milling and consolidation for the production of nanomaterials.

Aim of the seminar cycle : to give advanced information about sintering of a sanitaryware component
- Chemical and mineralogical composition of a body;

- Evolution of the body with temperature;

- Influence of different granulometry of raw materials;

- Industrial heating cycle and technology of industrial furnaces;

- Schrinkage as function of temperature;

- Elastic deformations;

- Creep deformations;

- Mechanical behaviour during sintering.

The student is asked to prepare a technical relation on a specific topic, to be discussed with the teacher

18.
Tissue-biomaterial interactions


(Interazione tra materiali e ambiente biologico)

· Principles of cell biology underlying the design of medical implants, artificial organs, and matrices for tissue engineering.

· Protein structure, interaction of proteins with synthetic materials; methods for evaluating protein adsorption on biomaterials

· Inflammatory responses; acute inflammation, chronic inflammation, foreign body response; Mechanisms underlying wound healing and tissue remodelling following implantation in various organs. 

· Blood compatibility; platelet adhesion and aggregation; coagulation; effects of the mechanical environment; in vitro and in vivo assessment of blood compatibility 

· Cells interactions with proteins and materials; Molecular and cellular interactions with biomaterials are analyzed in terms of unit cell processes, such as proliferation, differentiation, apoptosis, matrix synthesis, degradation.

· Characterization of cell-material interactions. 

· Comparative analysis of intact, biodegradable, and bioreplaceable implants by reference to case studies. 

· Criteria for restoration of physiological function for tissues and organs.

· Design of biocompatible materials; modification of materials to improve biocompatibility 

· Considerations in the design of in vitro and in vivo models to evaluate biomaterials.

· Development of voluntary consensus standards for biocompatibility; medical device regulation by the FDA

Credits will be based on the following: quiz, and a study question.

19.
Advanced thermodynamics


(Termodinamica avanzata)

· Thermodynamics resume: Callen paradigms, the fundamental function; Legendre transforms; Maxwell equations and Born square; some examples;

· Surface thermodynamics: Gibbs, Guggenhiem and Prigogine models; the adsorption equation; contact angle; Young, Laplace and Kelvin equations; their interpretation and application to practical problems; The phase rule in systems with curved surfaces.

· Surface thermodynamics: The measurement of surface quantities; experimental methods and the interpretation of their results; the case of solids: the theories of Neumann and Good and their limits; alternative approaches.

· Thermodynamics in electrical fields: electrochemistry and its fundamental relations; Nernst equation; the thermodynamics of an electrochemical process; the electrochemical potential; some examples of galvanic cells and electrolysis;

· Thermodynamics in electrical fields: electrochemistry far from equilibrium: overpotential and the Butler-Volmer equation; electrokinetical phenomena and their thermodynamic interpretation: electrophoresis, electroosmosis; flux potential and sedimentation potential; other irreversible phenomena.

An experiment regarding the theoretical aspect developed in the lessons will be proposed to the students (oscillating reactions; fuel cell testing and mounting; contact angle measurements)

20.
Nanocomposites & multiphase polymeric materials


(Nanocompositi e materiali polimerici multifasici)

· Generalities and current research trends on polymer nanocomposites;

· Mechanical evaluation strategies for interphases and interfaces in polymer composites;

· Design and development of polymer blends and alloys.
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