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Since its discovery, magnesium has played an influential role in society. In its early days, military applications and wars
fueled its growth. For example, magnesium was weaponized to construct incendiary bombs, flares, and ammunitions that
were subsequently deployed in World War Il, and it caused massive conflagrations and widespread devastations. Post-
War, magnesium’s availability and unique blend of properties were explored and were found to be highly attractive for an
extensive range of applications. Today, magnesium is used for engineering applications in automotive, aerospace, and
consumer electronics. In addition, it has a role in organic chemistry and pharmaceuticals and is used to construct several
general-purpose applications, such as sporting goods, household products, and office equipment.
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| 1. Overview

Magnesium is a promising material. It has a remarkable mix of mechanical and biomedical properties that have made it
suitable for a vast range of applications. Moreover, with alloying, many of these inherent properties can be further
improved. Today, it is primarily used in the automotive, aerospace, and medical industries. However, magnesium has its
own set of drawbacks that the industry and research communities are actively addressing. Magnesium'’s rapid corrosion is
its most significant drawback, and it dramatically impeded magnesium’s growth and expansion into other applications.
This article reviews both the engineering and biomedical aspects and applications for magnesium and its alloys. It w

| 2. Magnesium

As an alkaline earth metal, magnesium is shiny and silvery-white in appearance. It is also highly reactive and never found
free in nature W& with terrestrial and cosmic abundance El. It exists as a chemical compound until Joseph Black (in
1754), with prior contributions from Friedrich Hoffman (in 1729), recognized it as an element . Even though Humphry
Davy discovered the first magnesium metal in 1808 MIBIEI7IE the first production of pure magnesium was made by
Antoine-Alexander Bussy in 1828 14181,

Since its discovery, magnesium has played an influential role in society. In its early days, military applications and wars
fueled its growth 8. For example, magnesium was weaponized to construct incendiary bombs, flares, and ammunitions
that were subsequently deployed in World War Il, and it caused massive conflagrations and widespread devastations [,
Post-War, magnesium’s availability and unique blend of properties were explored and were found to be highly attractive
for an extensive range of applications. Today, magnesium is used for engineering applications in automotive, aerospace,
and consumer electronics. In addition, it has a role in organic chemistry and pharmaceuticals 19 and is used to construct
several general-purpose applications, such as sporting goods, household products, and office equipment (8],

Furthermore, with its superior biological properties, especially its ability to biodegrade in vivo, magnesium has received
accelerated interest as a promising biomaterial by both the research and industry communities 111 As a result, the global
magnesium market is forecasted to grow at a compound annual growth rate of 4.9% and reach 1.6 million metric tons (Mt)
by 2027, increasing from 1.1 Mt in 2020 2. China alone produced 0.9 Mt in the same year, accounting for more than
80% of global production 31,

Henceforth, given its continued interest and developments, both a comprehensive state of knowledge and a primer for
readers interested in the properties and applications of magnesium and its alloys are imperative. Therefore, this article
aims to synthesis and present the recent progress and developments of this domain. Mainly, this article focuses on its
engineering and biomedical applications. First, the article succinctly introduces the main methods in producing
magnesium. It also delves into the recent progress and developments in its production methods. Then, it presents the key
considerations enabling magnesium and its alloys to be considered for engineering and biomedical purposes. Finally, an
extensive discussion on the recent progress and developments surrounding its applications follows.



| 3. Production Techniques

There are two basic methods of producing magnesium—(a) the electrolysis of fused anhydrous magnesium chloride and
(b) metallothermic reduction of magnesium oxide by ferrosilicon 41, A typical production process using the electrolytic and
thermal methods is illustrated in Figure 1.
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Figure 1. Process flowchart of primary magnesium production via a thermal and electrolytic process. Reproduced with
permission from Cherubini, F,, et al., LCA of magnesium production; published by Elsevier, 2008 (13,

Electrolysis is a two-step approach. First, it involves the hydrometallurgical preparation of the feedstock (dehydrated
magnesium chloride), followed by feeding it directly through electrolytic cells [&l. Michael Faraday first discovered the core
principles of producing magnesium metal with this method in 1833 (€],

In 1852, Robert Bunsen improved on Faraday’s process to achieve permanent separation of chlorine and magnesium,
and that tweak in the process kickstarted the commercialization of magnesium [E. Preventing the recombination of
chlorine and magnesium was critical to Robert Bunsen's success as anhydrous magnesium chloride is hygroscopic, which
can lead to the formation of undesirable oxides and oxychlorides during direct dehydration 4. Presently, it is still a
technological challenge to produce anhydrous magnesium chloride with minimal or, ideally, no oxychlorides (8. Bunsen's
electrolytic process is illustrated in Figure 1.

The second method of producing magnesium metal is with heat. Unlike electrolysis, intense heat in the thermal reduction
process eliminates the need for an elaborate feedstock preparation &l. The Pidgeon and Magnetherm processes are the
main thermal routes. They are also batched processes 24l that use the same basic chemistry &, In the Pidgeon process,
dolomite and ferrosilicon are formed into briquettes with an externally heated retort to attain magnesium vapors. However,
the Magnetherm process calcines a mixture of dolomite, ferrosilicon, and alumina to achieve the same by-product. The
magnesium vapors obtained from both routes are then cooled and condensed separately before being extracted Bl A
typical thermal route is also illustrated in Figure 1. When the thermal reduction process was first introduced in the 1920s
(18] it was touted to be the eventual replacement of electrolysis production. Today, the thermal routes, especially the
Pidgeon process, are the most widely used due to their ability to produce high purity magnesium and the plethora of its
raw material, dolomite 171,

| 4. Conclusions

Magnesium’s availability and unique blend of properties has made it very attractive for engineering and biomedical
applications. Furthermore, alloying magnesium can modify or enhance its existing properties to make it suitable for even
more applications. As an engineering material, magnesium’s notable characteristics include its lightweight, specific high



strength to weight ratio, and superior machinability and castability. These factors enabled magnesium to find its footing in
aerospace and automotive applications, where the industry is actively seeking lighter-weight alternatives to harness
additional environmental and economic benefits. As a biomaterial, magnesium’s notable characteristics include its
biocompatibility, biodegradability, and bioabsorbability on top of the engineering properties. In addition, it also includes its
elastic modulus and innate anti-microbial mechanisms. Hence, magnesium is mainly used in musculoskeletal and
orthopedic applications while extensively being investigated for cardiovascular medicine.

While its ability to biodegrade is celebrated, the rate at which it biodegrades is problematic. It biodegrades rapidly, and as
a result, this impeded magnesium’s widespread adoption in both engineering and biomedical applications. Nonetheless,
with the ongoing research progress and technological advancements, the mitigation strategies to overcome magnesium’s
overly rapid degradation are widely investigated.

Magnesium is a promising material, and market research has demonstrated its projected increased demand. However,
today’'s primary magnesium is energy-intensive and inefficient to produce, which inspired research in additive
manufacturing of magnesium alloys and using solar energy to perform the carbothermic reduction. Recycling magnesium
is also an option to keep the supply circular, and there are ongoing investigations to determine the most commercially
viable and environmentally sound recycling process.
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