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Scientific Activities
The scientific activity deals with topics of  metallurgy and materials science.
The work is basically experimental involving the following techniques for materials characterization:
-  X ray diffraction at room and high temperature; 
-  Transmission electron microscopy (T.E.M.); 
- Scanning electron microscopy (S.E.M.);

- Micro-chemical analyses  (EDS, AES, XPS);
-  Mechanical tests;
-  Mechanical spectroscopy (internal friction and dynamic modulus measurements).
An important activity concerns the development of artificial intelligence systems for the characterization of  metallic materials.
The results of the aforesaid research activity are presented in 43 papers ( 20 published on international journals), listed below.

The research topics can be summarized as follows:

2.1 Microstructural and mechanical characterization of Ti6Al4V-SiCf composite
The Ti6Al4V-SiCf composite is a promising material for mechanical components operating at middle temperatures, especially turbine blades and structural high stressed parts of aeronautical engines. The performances mainly depend on the fibre-matrix interface and the chemical reactions occurring during fabrication process and in-service life, when temperatures up to 600 °C are reached for long exposure time.
Fiber-matrix interface is the zone where, under conditions of thermal and mechanical stress, diffusion processes and chemical reactions may occur causing instability, degradation and rupture of the material. For this reason, a lot of work has been devoted to investigate this aspect, with particular attention to the transformation kinetics.

It has been observed that heat treatments at temperatures above 600 °C, even for short time of exposure, lead to the formation of  titanium carbide (TiC ) at the interface. The kinetics is initially controlled by the diffusion of C in Ti, then, after the formation of a thin carbide layer, by that of C inTiC.

The structure of the interface has been investigated by determining the concentration profiles of the major elements by EDS, XPS and AES. The fibre-matrix interface has been found to be stable also after long-term heat treatments (1,000 hours at 600 °C) because the thin TiC layer, which forms all around the fibres during the fabrication process, hinders further C diffusion towards the matrix and retards interface degradation. Therefore, the composite can operate at the maximum temperature (600 °C) foreseen for its aeronautical applications without remarkable modifications of its microstructure, in particular of the fibre-matrix interface.
Exhaustive mechanical investigations (hardness, tensile, fatigue, instrumented indentation tests) carried out on the composite produced by both Hot Isostatic Pressing (HIP) and Roll Diffusion Bonding (RDB) confirmed that mechanical properties remain stable also after the most severe long-term heat treatments (up to 1,000 hours at 600 °C).

The anelastic behaviour of the composite has been investigated by internal friction and dynamic modulus measurements from 80 to 1173 K. The IF spectrum of the composite exhibited:

1- a relaxation peak at high temperature ((880 K) with H = 186 kJ mol-1 and (0 = 2.3 x 10-15 s due to the re-orientation of C-Al and C-V pairs in the α phase of Ti6Al4V matrix around the fibres. This peak is not present in the monolithic alloy.

2- two peaks at low temperature. The first one appears at approximately 120 K (f = 1 kHz) with an activation energy of 20.3 kJ mol-1 and has been attributed to a Snoek-type relaxation caused by interstitials hydrogen atoms in the bcc βphase. The second very broad peak localized at 270 K was ascribed to hydrogen diffusion in the α phase because its activation energy (48.2 kJ mol-1) is the same.  

In isothermal tests the values of Q-1 and E of composite change with an asymptotic trend. These variations depend on diffusion phenomena of interstitial atoms to dislocations that reduces the mean distance between pinning points.

2.2  Production of Al metal foams

Metal foams combine light weight with good rigidity, strength, damping capacity and shock resistance. Today foams with many metals and alloys (Al, Ti, Fe, Cu, Pb, etc.) are produced. The possible applications of a metal foam depends on the metal of which it is composed, the shape of the pores (open, half-open or closed), the ability to impart the wanted shape to the pore and the costs to produce it on industrial scale. The application fields of metal foams are very large in various sectors: automotive, aviation, aerospace, off-shore structures. There are several manufacturing processes and specific patents that have been developed in various countries. Even if the potential of these materials is huge, the insufficient knowledge of the basic physical mechanisms that govern the metal foam formation prevents obtaining well-reproducible products and so it limits the large-scale application.
A research program for metal foam production from powder has been carried out and is still in progress. The physical processes occurring during the foam formation have been directly monitored by X-ray diffraction at high temperature and DSC. Furthermore, shape, size and size distribution of the pores of Al foams have been correlated to the main process parameters (powder mixture composition, heating time, temperature of the melt etc.). The foam formation exhibits a compex scenario, where the physical processes (drainage, flow, enlargement and coalescence) are present and closely related. The systematic analysis of the production process parameters on the microstructure, the shape and the cell sizes, allowed to control the total porosity and its characteristics.
2.3  Microstructural and mechanical behaviour of nanostructured Fe-Mo alloys produced via Spark Plasma Sintering 

Nano-structured materials are of  great interest for their mechanical properties. As crystallite size decreases hardness and yield strength considerably increase, as well as  ductile-brittle transition temperature decreases. Since the typical mechanisms of plastic deformation for the conventional materials, i.e. motion of dislocations and twinning, are progressively suppressed by the reduction of the crystallite size, there is a concomitant decrease in the hardening and ductility capacity. Among the various used techniques to produce these materials, powder metallurgy is very promising because:
a) it is a technology “net-shape”, so it does not require extensive tool machining;
b) a nanostructured powder can be produced without great difficulty by means of high-energy ball milling of commercial powders.
The nanostructured powders have been sintered by SPS for limiting the growth of crystallites. Since the nanostructured materials are metastable, they are exposed to the phenomenon of grain growth when heated. So the process of power consolidation must involve a low heat input, i.e. a low sintering temperature and/or reduced time permanence in temperature, to limit the grain growth.

The effects of sintering parameters have been optimized by studying the mechanical behavior of the products by means of standard tensile tests and by FIMEC (Flat-top Cylinder Indenter for Mechanical Characterisation). The microstructure has been investigated by TEM observations, X-ray diffraction and mechanical spectroscopy. The last technique was able to evidence the formation of nano-cracks developing in some Fe-Mo alloys during heating.
2.4  Microstructural evolution of high-nitrogen austenitic steels
The presence of nitrogen in steels produces a solid solution strengthening and simultaneously increases the corrosion resistance and the stability of the austenitic phase.

The production difficulty of the HNS (High Nitrogen Steels) is related to the thermodynamic solubility limit of the nitrogen both in the liquid and solid state. The solubility in the austenitic steels generally does not exceed 0.4 wt thus, under certain process condition, precipitation of chromium nitrides may take place. The precipitation kinetics is highest at 850 °C: it is limited by diffusion at lower temperatures, by recrystallization at higher temperatures. Microstructural changes of a HNS steel have been examined after successive steps of heating at 850°C. The principal aim was to determine:

1- if a net flux of nitrogen towards the transformed ones is taking place along the precipitation process;

2- the chemical composition of the lamellae and inter-lamellar spaces in the transformed zones. 

The results of this study carried out by micro-chemical analyses (XPS and AES) demonstrate that the discontinuous precipitation is accompanied by a long range migration of nitrogen towards the transformed zones, as it was previously supposed in the literature. This finding manifests that the principal force, inducing boundary migration in the steel, is the concentration gradient of nitrogen between the γ and γS phases. 

Moreover, also a migration of Cr occurs across the interface, between not transformed and transformed zones of the steel.

Other experimental investigations, mainly based on internal friction measurements and TEM observations, have been performed on:
• Thick tungsten coatings for plasma facing components of future nuclear fusion reactors,
• Nickel superalloys

• Metallic materials deformed at high strain rate by  explosive loading.
2.5 Application of artificial neural networks (ANN) for materials characterization and industrial process control
The purpose of these complex mathematical methods is to simulate the laws of nature more effectively than traditional computing techniques. They are based on the concept that, in certain situations, it is possible for a system to “learn” mathematical laws that are not yet known, by analyzing a large number of real cases. This feature makes neural networks suitable for a multitude of applications, particularly in dynamic systems.
The ANN modeling approach is increasingly used today for solving metallurgical problems. Several studies for mechanical characterization of materials and industrial process control have been carried out by means of the ANN. Some of particular interest regard:
•  Prediction of  the superplastic behaviour of the PbSn60 alloy,
•  Prediction of force and moment in the hot-drilling process of  6082 aluminium alloy,
•  Optimization of extrusion process of aluminum alloys,
•  Prediction of the optimal conditions for hot- workingof  the Ti6Al4V alloy.
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