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1. Introduction and Scope

The increasing demand for advanced materials in construction, transportation, communications,
medicine, energy production, as well as in several other fields, is the driving force for investigating the
processing–structure–property relationships. In the industrial manufacturing of metals, the achievement
of products featuring the desired characteristics always requires the control of process parameters in order
to achieve a suitable microstructure. The close relationship among process parameters, microstructure,
and mechanical properties is a matter of interest in such different areas as foundry, plastic forming,
sintering, welding, etc., and is relevant for both well-established and innovative processes.

Nowadays, circular economy and sustainable technological development are dominant paradigms
and impose an optimised use of resources, a lower energetic impact of industrial processes, and new
tasks for materials and products. In this frame, this Special Issue of Metals covers a broad range of
research works, and contains both research and review papers. There is particular focus on novel
processes and recent advancements in testing methods and computational simulations that are able to
characterise and describe microstructural features and mechanical properties.

2. Contributions

The book gathers manuscripts from academic and industrial researchers with stimulating new
ideas and original results. It consists of one review paper regarding state of art and perspectives of
alloys for aeronautic applications [1] and fifteen research papers [2–16] focused on different materials
and processes.

A group of papers deals with the effect of ultra-fine or nanostructured grains on the mechanical
properties, the materials are: a low-carbon steel processed by cryorolling [2], Mg–10Y–6Gd–1.5Zn–0.5Zr
alloy submitted to two different heat treatments [3], AZ91 Mg alloy prepared by ECAP plus aging [4],
hard nanostructured coatings deposited on a S600 high speed steel [5], and pure Cu deformed by
simple shear extrusion, namely two forward and two reversed simple shear straining stages on two
different slip planes [6]. The different routes used to produce ultra-fine or nanostructured grains
introduce a variety of microstructures in terms of: (i) dislocation density and arrangement; (ii) size
and orientation distribution of the grains; and (iii) size, shape, and fraction of secondary phases.
These works highlight different aspects of the same problem, namely the fundamental role played by
microstructural homogeneity on mechanical characteristics.

The paper by Campari et al. [7] focuses on the change of mechanical behaviour taking place in thin
metal films (self-sustained and deposited on a rigid substrate) as their thickness becomes comparable
to grain size. The topic is of great scientific interest and practical relevance because thin films have
increasing applications in packaging, microelectromechanical systems (MEMS), sensors, and electronic
device technologies.

Another topic of utmost importance is the prediction of process–structure–property relationships
for a given material that can be achieved either through suitable models or experiments. The work by
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Fiorese et al. [8] describes a tool used for predicting the effect of the plunger motion on the properties
of high-pressure die cast aluminium alloys. In fact, the proposed model is a general methodology
independent of the machine and accounts for the effects of geometry and alloy through its coefficients.

Computer-aided design (CAD) and finite element (FE) analysis were employed by Gloria et al. [9]
in order to investigate the effect of the material–shape combination of metal posts on the mechanical
behaviour of endodontically treated anterior teeth.

Predicting the final properties of the Ti–TiAl–B4C system is investigated through an experimental
approach by Montealegre-Melendez et al. [10]. Ti–TiAl–B4C is an alternative material to high specific
modulus alloys for the aerospace industry, but the mechanical properties are strongly affected by the
secondary phases, which form in situ during fabrication and depend on the processing conditions and
composition of the starting materials. The results demonstrate that the relations between microstructure
and properties can be predicted in terms of the processing parameters of the titanium matrix composites
fabricated by powder metallurgy. In particular, prealloyed TiAl provides the best precursor for the
formation of the reinforcement phases from 1100 ◦C regardless of the pressure.

An innovative post hot-forging process for 7050 aluminium alloys is proposed by Angella et al. [11].
Unlike AMS4333 and AMS2770N standards requiring cold working after solution heat treatment and
prior to aging, the new method adopts an intermediate warm deformation step, which allows improving
the fracture’s toughness behaviour without significantly affecting tensile properties. Such result is
achieved by reducing the material’s heterogeneity with finer grain and subgrains pinned by precipitates.

Another relevant contribution to the Special Issue is provided by Lee and Jeong [12]. The authors
study the effect of the calibre-rolling speed on the microstructure and microtexture of Nb tubes used as
superconductivity materials. These investigators found that the dislocation density increases with
rolling speed owing to the Peierls mechanism. Moreover, electron backscatter diffraction (EBSD)
shows how a higher calibre-rolling speed weakens the <111> fibre texture in favour of the <112> one
involving a higher fraction of coincident site lattice (CSL) boundaries Σ3 with low energy.

The feasibility of a novel casting process, tailored additive casting (TAC), has been demonstrated
in [13]. In this process, the melt is injected several times to fabricate a single component, with a
few seconds of holding between successive injections. Using TAC commercial steering knuckles,
important components of automotive suspension systems have been successfully produced through
an Al 6061 alloy of optimized composition.

Zhu et al. [14] report about a 1500-MPa-grade bainite rail developed and produced in an industrial
production line. Nowadays, pearlite rail is widely used in the construction of railways, although high-speed
and heavy-loading railways require steels with higher strength, toughness, and wear resistance. Bainite rails
guarantee better mechanical properties than pearlite rails.

Finally, the papers by Tocci et al. [15] and Maizza et al. [16] deal with additive manufacturing
(AM), an innovative technology for the production of parts and prototypes based on layer-by-layer
build-up that allows an unrivaled design freedom, not reachable via conventional manufacturing
routes combined with high quality and outstanding mechanical properties. The examined samples
were produced by means of different techniques: direct metal laser sintering (DMLS) of Scalmalloy
powder [15] and selective electron beam melting (SEBM) of Ti-6Al-4V alloy [16]. Both papers highlight
the specific microstrucural features of the materials related to the parameters of the production process
and the consequences on mechanical performances. Moreover, Maizza et al. [16] give quite an original
contribution to the benchmark of AM products by applying the macroinstrumented indentation test
for the nondestructive determination of local tensile-like properties.
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