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1. Introduction and Scope

The occurrence of time-dependent deformation of metals and alloys under constant loads or
stresses, a phenomenon termed “creep”, has been documented for at least two centuries. Yet, its real
significance was appreciated only by the late 1940s, when some peculiar features of creep, such as the
occurrence of plastic deformation under stresses well below yielding, were investigated in detail.

The continuous development of dislocation theories later enlightened some specific features
of creep deformation and gave the basis for correlating the macroscopic creep properties to the
time-dependent processes taking place within the metals and alloys. Similarly, the same dislocation
theories were used to provide a physical background to the study of metals’ and alloys’ responses to
hot working processes. Stress relaxation effects were also explained and modelled on similar bases.

While progressively more defined experimental and theoretical studies of the creep and hot
working process mechanism were carried out, new creep-resistant materials have been developed
and/or explained based on the abovementioned microstructure–mechanical behavior correlations.
Similarly, new hot-working techniques have been introduced.

Notwithstanding that the mechanisms that control creep and hot working are essentially the same,
advances in creep-resistant material and in hot working processes have often proceeded independently.
The title the Editors selected for the Special Issue of Metals—“Creep and High-Temperature Deformation
of Metals and Alloys”—underline common features between them.

2. Contributions to the Special Issue

Scholars have been invited to submit research papers dealing with innovative research and
literature surveys on specific aspects of creep and high-temperature deformation so that the readers
could realize the common points between them. Among the submitted manuscripts, 14 papers have
been published in the issue.

2.1. Creep Deformation, Damage, and Ductility

Creep deformation mechanisms are typically described in terms of secondary creep strain rate.
A good description of strain rate dependences over large temperature and applied stress values,
taking into account compositional or microstructural effects, corresponds to a good understanding
of the phenomena taking place at a microscopical level and leading to deformation. These general
features have been considered in the issue both in the works by Delandar et al. [1] and by Kassner [2].
Delandar et al. specifically refer to copper and to its deformation mechanisms when creep deformation
occurs at relatively low temperatures (up to 100 ◦C). Its deformation behavior has been modelled and
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verified both by experimental data and by Dynamic Dislocation simulations. The work by Kassner [2]
suggests that the five-power-law creep can be applied in the case of alloys with pure metal behavior
(class M alloys) by considering a linear superposition of a dislocation hardening term and a solute
strengthening term.

Creep damage phenomena of different kinds lead material to creep rupture, with more or less
accumulation of plastic deformation and with different fracture modes, depending on materials and
test (or service) temperature and stress conditions. Some of the published papers deal with creep
damage. In many high-temperature alloys, creep damage is due to the grain boundary cavitation,
and modelling of its evolution up to the final rupture can be very important. Xu et al. contributed a
paper [3] in which FE simulation of grain boundary cavitation helped understanding the role played
by stress redistribution, cavitation damage, and creep fracture. Creep damage evolution can also
be carefully modelled by innovative combinations of experimental investigation techniques, such as
small-angle neutron scattering (SANS), scanning electron microscopy, and quantitative metallography,
as reported by Jazeri et al. in [4] in the case of a 304 stainless steel. The effects of prior residual stress
left by welding processes on the damage at the crack tip of a 9–12% Cr steel specimen with simulated
weldment was investigated experimentally by Liu et al. [5], who observed residual stress-related
transition of damage forms.

The creep ductility of steels, related to the strain that can be accumulated at material rupture,
is the topic of a review paper by Holdsworth [6]. A set of features involving creep ductility of
high-temperature steels, including acritical analysis of creep ductility data, can be applied to predict
long-term ductility exhaustion in multi-temperature and multi-cast data sets. Furthermore, the creep
ductility of steels can be analyzed in cases of stress multiaxiality.

2.2. Innovative Testing Techniques of Creep Deformation

Within decades, new experimental techniques have been introduced to investigate the creep
properties of materials in specific cases, for example, related to the small size of the available material
from which specimens should be sampled. An example is illustrated in the work by Glee et al. [7]
where, in order to avoid any influence from the substrate, miniaturized cylindrical tensile specimens of
bond coatings were produced by a special grinding process, exposed to different environments and
then creep tested. On the other hand, Ding et al. [8] focused on the nanoindentation technology, also
suitable for small material regions characterization. The technique has been used in [8], using both a
Berkovich and a spherical indenter, on a Zr-based bulk metallic glass to investigate its creep behaviour
at room temperature and to evaluate at the same time the effects of testing parameters.

2.3. Creep and Hot Deformation Interacting in the Presence of Loading/Temperature Changes and
Environmental Effects

Creep deformation phenomena often do not operate under the conventional constant-temperature/

constant-stress force under which conventional creep characterization of materials is carried out.
In fact, in industrial applications, materials can operate under different loading or temperature
conditions where phenomena like creep-buckling and creep-fatigue can significantly affect the material
deformation, microstructural and damage evolution, and final fracture with respect to its behaviour
under conventional testing conditions. In the present issue of Metals, these features have been
introduced and applied to representative and widely diffused steels, such as the austenitic stainless
steel 304, for which buckling phenomena have been investigated by Jo et al. [9] in the specific
case of tubes subjected to radial external pressure load in the temperature range of 800–1000 ◦C.
Jürgens et al. [10] have investigated the low-cycle fatigue and relaxation phenomena for the P92 steel,
a representative 9–12% Cr ferritic-martensitic steel.
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2.4. Creep-Microstructure Correlations for Specific Material Classes

The strict correlations between microstructure of metals and alloys and their creep and hot
deformation processes have always been of interest in the creep research field, due to practical
industrial request for increasingly creep-resistant materials. This topic has also been covered in the
papers included in the present Special Issue of Metals. One group of papers focuses on the widespread
class of ferritic-martensitic steels.

The paper by Wu et al. [11] deals with the effect of heat treatment process parameters, and
specifically the normalizing temperature, in grade 91, a 9–12% Cr steel, which is discussed on the
basis of a careful microstructural analysis of crept samples. Other critical features for the industrial
applications of these steels have been considered in the Issue, such as weld joint behaviour (Hu et al. [5]
investigated the effect of residual stresses left by these processes on creep damage) or creep-fatigue
and creep relaxation phenomena (Jürgens et al. [10]).

The strict correlation between microstructural features is also of utmost importance for the
development and application of other high-temperature alloys. Moving to steels and Ni-based alloys
characterized by an austenitic matrix, the strengthening role played by carbides, other precipitates,
or dispersoids, has been experimentally investigated in the temperature range of 675–750 ◦C by
Gobbi et al. [12] in the case of alloys VAT 32 and VAT 36. In the gamma prime-containing Ni-base
superalloys, the creep resistance at high temperature is also affected by the presence of solute atoms in
solid solution. In their paper, Gao et al. [13], by three-dimensional (3D) discrete dislocation dynamics
simulations, proved that solute atoms such as Re and W affect dislocation glide and climb differently,
and thus the back stress on dislocation motion. The different effects of these elements and their
concentration as solute atoms on creep deformation resistance have also been proven.

The role played by alloy microstructure on creep deformation and creep resistance of other alloy-
classes has also been experimentally investigated and modelled in scientific works included in the
present Issue. Dobes et al. [14] focused on the effect of Nb to Fe-27 at. % Al alloy which, by modifying
the microstructure, also acts on the creep behavior, as demonstrated experimentally in the temperature
range of 650–900 ◦C.

3. Conclusions

The Special Issue, “Creep and High Temperature Deformation of Metals and Alloys”, includes
papers covering in innovative ways the relevant topics and materials in the field. The Guest Editors are
aware of the quality of the contributions and of their inspiring potential for scientists and technicians
who deal with materials facing creep during service. As a matter of fact, even if the specific materials,
testing/modelling conditions, and microstructures have been addressed by these contributions, further
innovative approaches and studies can take their cue from them.
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