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Magnesium (Mg) is one of the most plentiful elements in
the Earth’s crust and seawater. It possesses low density, high
specific strength, high standard potential, and good biocom-
patibility. In addition, magnesium hydride shows the highest
energy density of all reversible metallic hydrides applicable
for hydrogen storage. These unique features make Mg and its
alloys  a  class  of  very  promising  material  for  structural  and
functional  applications  pertaining  to  aerospace,  transporta-
tion, and biomedical and energy sectors. Wide applications of
Mg alloys are thus deemed to significantly contribute to the
ever-increasing  environmental  problems  and  energy  chal-
lenges in the worldwide.

Nevertheless, even with the attractive benefits aforemen-
tioned, the usage of Mg and its  alloys is  limited,  especially
compared to that achieved for aluminum alloys. The reason
behind  is  that  a  series  of  critical  challenges  remain  for  the
wider engineering applications of Mg alloys. For instance, as
the lightest metallic structural material, Mg alloys possess re-
latively  low mechanical  properties  and  formability  at  room
temperature  and  high  susceptibility  to  corrosion,  compared
with Al alloys. Furthermore, for the functional applications of
such  Mg-based  hydrogen  storage  materials,  their  slow  de-
hydrogenation reaction rate and their high operation temper-
ature need to be amended before their realization. These fun-
damental questions related with the structural and functional
applications  of  Mg alloys  have  stimulated  the  intensive  re-
search efforts.

Here we inspire a special issue focusing on the recent de-
velopment in the processing technology, alloying design, and
surface treatment of Mg alloys for structural applications and
hydrogen storage applications, with the purpose to highlight
the strategies and fundamental mechanisms for improving the
associated  properties  of  Mg  alloys.  This  special  issue  in-
cludes 17 papers with 16 research papers and 1 review paper.
While the review one is on phosphate-based conversion coat-
ings of Mg alloys, majority of research papers focus on the
development  of  mechanical  properties  and  the  associated
mechanisms.  The  special  issue  is  expected  to  improve  our
knowledge  and  provide  a  guidance  for  the  energy-efficient

and environmentally friendly applications of Mg alloys.
The performance of cast Mg alloys highly depends on the

microstructures  and  defects  formed  during  the  casting  pro-
cess. In order to understand the role of externally solidified
crystals (ESCs) during high-pressure die-casting, Zhang et al.
[1]  characterized  the  defects  using  2D  and  3D  approaches.
The  reduction  of  ESCs is  shown to  reduce  the  defect  band
width and shrinkage pore. The mechanical properties of high
pressure  die  castings  are  demonstrated  to  strongly  correlate
with  the  size  and  fraction  of  the  ESCs  rather  than  porosity
volume.  Liao et  al. [2]  reported  the  interesting  nucleation
event and grain refinement mechanisms of Mg–Al alloy in-
duced by Fe impurity. The formation of Al2Fe phase plays an
important role in the heterogeneous nucleation of matrix and
leads to a significant reduction of grain size.

The  intelligent  design  of  thermo-mechanical  process  is
one  of  the  most  important  methods  to  improve  mechanical
properties of wrought Mg alloys. He et al. [3] reported that
noticeable  improvement  of  bendability  can  be  achieved  by
introducing bimodal microstructure in AZ31B alloy sheet via
a  pre-compression  and  subsequent  annealing  process.  With
this  process,  the maximum bending displacement  of  the al-
loy characterized by the three-point bending test can be signi-
ficantly increased from ~3 to 9 mm. Ishiguro et al. [4] elucid-
ated the influence of bending and tension deformations on the
texture formation and room-temperature formability. The al-
loy subjected to 3-pass bending and tension deformations ex-
hibits a high Erichsen value of 9.6 mm. The value decreases
however after 7-pass deformations owing to the formation of
coarse grains near the surface. Yang et al. [5] designed a nov-
el extrusion approach, i.e., slope extrusion (SE), in which al-
loy ingots are separated into two unequal pieces along a spe-
cific  path.  The  additional  interface  introduced  in  the  SE  is
demonstrate  to  promote  the  asymmetric  deformation  and
strain  accumulation  in  extrusion  process,  which  ultimately
increase the alloy strength. Li et al. [6] reported that during
the large plastic deformation such as large strain torsion, the
deformation mechanism and the associated mechanical prop-
erties highly depends on the initial textures and active condi- 
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tions of the slip/twin systems.  Zheng et  al. [7]  showed that
using  the  power  stagger  forward  spinning  technology,  the
grains show relatively small size and become more uniform
along  the  thickness  direction  of  AZ31  tube.  In  addition  to
those mechanical  properties at  room temperature,  Liu et  al.
[8] systematically investigated the high-temperature mechan-
ical  properties  of  as-extruded AZ80 alloy at  different  strain
rates. The zero ductility, zero strength, and the fracture mech-
anisms are elucidated at elevated temperatures.

Alloying  design  is  another  essential  strategy  to  improve
the mechanical properties of Mg alloys. The rationale behind
is  however complex and highly depends on both the solute
element and bulk matrix. Successive efforts are thus required
to  understand  the  alloying  influence  in  different  alloy  sys-
tems. Zhao et al. [9] reported that while the yield strength of
Mg–Zn sheet decreases with increasing Li content primarily
owing  to  the  grain  coarsening  and  texture  weakening,  the
ductility increases significantly with Li content owing to the
enhanced activation of prismatic and basal slips. Zeng et al.
[10]  compared  the  influence  of  Ca  or  Gd  addition  on  the
ductility and formability of Mg–Zn–Zr based dilute alloys in
deep drawing. Ca is demonstrated to efficiently improve the
ductility with respect to Gd. Nevertheless, the co-addition of
Ca and Gd is shown to yield the exceptional ductility being
comparable  with  that  of  benchmark  Al6016  sheet.  In  com-
bination  with  the  optimal  design  of  chemical  composition
and processing parameters, Yang et al. [11] reported a novel
low-cost  Mg–Al–Ca–Zn–Mn-based  alloy  with  improved
strength and ductility, its yield strength and elongation reach
to ~411 MPa and ~8.9%, respectively. The exceptional com-
prehensive properties are shown to be closely related with the
microstructure such as the ultra-fined grain size,  high-dens-
ity dislocations, and nano-precipitates. In addition, in order to
enhance  the  matrix  stiffness  and  wear  resistance,  the  rein-
forcements such as ceramic particles are usually added into
Mg matrix. Different from the conventional reinforcements,
Chen et al. [12] designed a magnesium composite reinforced
by  N-deficient  Ti2AlN  MAX  phase.  Controlling  the  N  va-
cancy  and  the  hierarchical  structure  of  Ti2AlN  skeleton  is
considered as an efficient way to tailor the mechanical prop-
erties.

Surface related properties, in addition to the bulk ones, are
important  for  the  performance  and  service  life  of  Mg
products.  Zhang et  al. [13]  showed that  the  nanocrystalline
structure can be introduced on the surface of AZ31 alloy by
ultrasonic shot peening (USSP) treatment. The thicknesses of
nanocrystalline structure and the plate surface (external or in-
ternal one during bending) are shown to noticeably influence
the bendability. In order to alleviate the high friction during
the thermomechanical process of Mg alloys, Xie et al. [14]
reported  a  cost-effective  lubricant  additive,  by  which  the
graphene oxide was partially replaced by the nano-SiO2. The
hybrid has low friction coefficient. The wear volume is signi-
ficantly reduced with respect to the individual ones.

Owing to the considerably low reduction potential of Mg
and the unprotected oxide layer with high porosity and fragil-

ity, the high susceptibility to corrosion of Mg and Mg alloys
remains a big challenge for their wider applications. One effi-
cient way to overcome the problem is to coat the Mg matrix.
In this special issue, Saran et al. [15] provided a systematical
review on the recent advances in the cost-effective and envir-
onment-friendly  coating  approach,  i.e.,  phosphate-based
chemical  conversion  coatings.  The  mechanisms,  current
status,  pretreatment  practices,  and the  influence  of  working
parameters on the coating performance are elaborated for dif-
ferent  types  of  phosphate-based  chemical  conversion  coat-
ings. In addition, Jin et al. [16] reported that the coating with
carbonate  addition  in  the  silicate  system  electrolyte  pos-
sesses  a  high  corrosion  resistance  and  relatively  long-term
protection capability for Mg–Li–Al alloy, owing to the form-
ation  of  denser  coating  including  the  corrosion  resistant
Li2CO3 phase.

In addition to the structural applications, Mg-based com-
pounds  are  promising  hydrogen  storage  materials  showing
high  hydrogen  storage  capacity,  excellent  reversibility,  and
high  Clarke  number  characteristics.  However,  the  slow  de-
hydrogenation reaction rate and the high operation temperat-
ure resulted from the strong stability of MgH2 remains a big
obstacle for their applications. Song et al. [17] reported that
MgH2 doped with graphene-supported FeOOH nanodots ex-
hibits a relatively low dehydrogenation/hydrogenation activ-
ation energy and temperature, while keeping good cyclic sta-
bility. The findings provide an interesting example in devel-
oping  Mg-based  hydrogen  storage  materials  with  catalytic
doping.

The special issue summarizes some of the latest advances
in  the  processing  technology,  alloying  design,  and  surface
treatment of Mg alloys for structural applications and hydro-
gen  storage  applications.  It  is  expected  to  provide  helpful
guidance for readers to explore novel processing and design-
ing strategies in developing advanced Mg alloys for structur-
al and functional applications. We are appreciated to all au-
thors for their innovative contributions and all reviewers for
their instructive comments. We sincerely thank the Editorial
Team of International Journal of Minerals, Metallurgy and
Materials for their hard work to get the publication of special
issue.
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